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Allergic rhinitis 


Prevalence and epidemiology 
The prevalence of allergic respiratory diseases in the popula- 
on is increasing. Fleming and Crombie showed that in 
england and Wales, the number of patients attending 
general practitioners’ surgeries with rhinitis doubled 
between 1974 and 1982 with a peak prevalence in the 15-25 
year age group (4%).' The reason for this increase is un- 
certain, but it may well be associated with socioeconomic 
factors. Strachan showed that there was a strong inverse 
relationship between hay fever and family size.” 
Furthermore, position in the household also influenced the 
development of rhinitis, firstborn children being at greatest 
risk. Both relationships were independent of the social class 
of the father. During recent years, fewer children in families 
and improvements in hygiene may have reduced the inci- 
dence of viral cross infection between siblings at a critical 
age. Strachan suggested that such cross infection might be 
protective against rhinitis; this is a novel hypothesis as pre- 
vious studies have implicated viral infections in the patho- 
genesis of both rhinitis and asthma. Frick et al showed that 
the onset of allergic disease in infants with allergic parents 
was related temporally to preceding viral infections such as 
respiratory syncytial virus and parainfluenza.* Further- 
more, several investigators have shown that total concentra- 
tions of circulating IgE are raised during the acute phase of 
ral infections.* ° 
















TANCE OF ATOPY 

genetic studies suggest that atopy (the ability of a 
“o produce high concentrations of IgE directed 
mmon allergens) may be inherited, carried on 
¿e 11 as an autosomal dominant characteristic 
> penetrance.° ’ Certainly most allergic children 
‚g family history of allergy, and concordance for 
of allergy is increased in monozygotic compared 
zotic twins." 


MENTAL INFLUENCES 

avironmental factors probably contribute to the sen- 
n of an allergy prone subject in early life. Children 
i spring in Scandinavia have an increased risk of birch 
“n rhinitis,’ and grass pollen has the same effect in the 
ied Kingdom.'!” Sibbald and Rink, however, have 
ntly shown that rhinitis in non-atopic subjects is also 
‘ciated with birth during the summer months, suggest- 
that other factors, such as winter respiratory tract 


infection at a time when transferred maternal immuno- 
globulin concentrations have fallen below protective 
levels, may promote the development of rhinitis. Parental 
smoking is certainly associated with wheezing in children, '? 
but also with risk of rhinitis. In a large study in rural 
Sweden the relative risk of rhinitis increased to 1°8 in chil- 
dren who lived in damp homes and had parents who 
smoked.'? The effects of damp and passive smoking were 
synergistic, neither factor being a significant independent 
risk. Modern energy efficient ‘tight’ buildings may en- 
courage the growth of house dust mites and moulds, thus 
increasing environmental exposure to potential allergens. '* 

Industrial environmental pollution is also likely to be a 
contributory factor. Comparative studies between devel- 
oped and developing countries suggest a lower prevalence 
of allergic diseases in the latter.'” Furthermore, studies of 
urban and rural populations suggest that urban dwellers are 
more prone to rhinitis.'° Pollen grains in urban areas are 
contaminated by pollutants, and such deposits on inhaled 
pollen may act as adjuvants to sensitisation. 


Nasal responsiveness 

It is not surprising that nasal responsiveness has similar 
characteristics to bronchial responsiveness, given that the 
nose is contiguous with the rest of the respiratory tract. 
Nasal airways resistance can be measured and increased 
non-specific nasal responsiveness can be induced with 
agents such as histamine and other mediators, although the 
range of responsiveness in rhinitis is less clear cut than that 
of bronchial responsiveness in asthmatic patients.'’ The 
lower repeatability of measurements of nasal airways resist- 
ance compared with that of forced expiratory volume in one 
second (FEV,) together with the absence of a smooth 
muscle constrictor response, contributes to this difference. 
The response to methacholine seems to be entirely secre- 
tory, in contrast to the highly correlated methacholine and 
histamine responses in the lower airways. The absence of 
smooth muscle in the nose almost certainly accounts for the 
difference. '’ 

Early and late phase allergic responses may also be 
induced in the nose. Late phase responses occur in about 
half the patients between two to eight hours after challenge, 
but only produce small rises in nasal airways resistance. '* 
The late phase response is less pronounced than in the lower 
airway, firstly because there is no smooth muscle, and 
secondly because the response may be masked by the nasal 
cycle in which there is an increase in nasal airways resistance 
in alternate nostrils every two to four hours.'” 








566 


Pathogenesis 

MAST CELLS 

Studies of the nasal mucosa in patients with rhinitis have 
shown that total numbers of mast cells are increased com- 
pared with patients without rhinitis.” Furthermore, there is 
a significant increase in the numbers of mast cells and eosi- 
nophils during the pollen season.*' There is also evidence 
that the number of circulating mast cell/basophil progeni- 
tors is increased in such patients and that their numbers fall 
during the pollen season, suggesting the possibility of rec- 
ruitment to the site of allergic inflammation.” It is likely 
that atopic subjects are predisposed to produce the cyto- 
kines necessary for basophil/mast cell and eosinophil 
differentiation.” Plaut et al showed that murine mast cells 
triggered by cross linkage of Fc,RI receptors secrete inter- 


Trigg, Davies 


contribute to the inflammatory features of the late phase 
response. 


1 CELLS 

There seems to be an imbalance in cytokine production 
from T cells in atopic subjects, who have a tendency to pro- 
duce more of interleukins 4 and 5 and less interferon 
gamma. Ihe numbers of dendritic cells at the surface of the 
nasal epithelium are increased in rhinitics and these may 
bind allergenic peptides. Interaction of these dendritic cells 
with T cells may promote differentiation towards the helper 
type of T cells (Th2) that produce interleukins 4 and 5 
which promote B cell IgE production and eosinophil activa- 
tion, respectively.°” In situ hybridisation studies show th ' 
T cells from atopic and asthmatic patients express mes- 


4 
i 









leukins 3 (basophil activation), 4 (gE synthesis), and 5 
(eosinophil activation), which suggests that there is a posi- 
tive feedback mechanism amplifying the inflammatory 
response.” 

Other mast cell products released in the acute phase after 
allergen administration include histamine, prostaglandin 
D,, kinins and tryptase, which are likely to be responsible 
for many immediate symptoms.** The release of these 
mediators shows the features of priming—that is, repeated 
allergen challenge within the same day ıs followed by an 
augmented response. 

Mast cell heterogeneity has been found in nasal polyp 
tissue, with tryptase positive mucosal type cells predominat- 


<a ~ . ‘ 4 ~ 20-32) 
senger RNA for interleukins 4 and 5. 


Effect of treatment 

VASOCONSTRICTORS 

a-Adrenergic agonists such as ephedrine act on the smooth 
muscle of the venous system in the nasal mucosa. They are 
highly effective in immediately increasing nasal patency. 
There is a low risk of rebound congestion with compounds 
such as xylometazoline and naphazoline, but fears of ‘rhini- 
tis medicamentosa’ have limited their use to one to two 
weeks periods only.” 
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Routine measurement of blood pressure in schoolchildren 


Undergraduate and postgraduate medical students learn 


blood pressure.” Blood pressure in children is very variable,“ 


that the measurement of blood pressure is part of routine and so regression to the mean, which has long been a 


clinical examination. This would seem a reasonable asser- 
tion; however, as will be shown in this article, it requires a 
thorough understanding of the factors involved in the 
production of a valid measurement in order to interpret 
blood pressure meaningfully in children. 

Apart from research purposes, the endpoint of measuring 
blood pressure must be to identify some pathology. That 
pathology may be a disease causing secondary hypertension, 
in which case it is important that the clinician should know 
how to deal efficiently with abnormal findings, probably 
referring those with severe hypertension to tertiary centres. ' 
Otherwise it may be perhaps a more subtle tendency 
towards essential hypertension, in which case there should 
be provision for long term follow up, including the difficult 
period around adolescence, and later, when transfer to adult 
care is necessary. In both cases, it is important neither to 
miss a treatable condition nor create unnecessary anxiety to 
parents and child by failing to recognise normality. This 
article addresses some of the factors leading to valid 
assessment of blood pressure. 


When to measure blood pressure 

The most important hurdle to overcome in relation to blood 
pressure measurement in children concerns the decision 
actually to take the blood pressure. The recent working 
party of the British Hypertension Society did not recom- 
mend the routine screening of the paediatric population for 


problem in trials of antihypertensive treatments in adults,* 
is likely to cause even greater problems in children. Thus 
although the phenomenon of ‘tracking’ of blood pressure 
allows some prediction of later hypertension,’ the corre- 
lation coefficients between initial and follow up blood 
pressure measurements in a number of studies are relatively 
low and insufficiently consistent to allow predictions of 
future blood pressure levels from initial recordings, 
especially in young children.° ” 

The situation becomes more unclear when considering 
the child with a family history of hypertension. While it 
would seem prudent to follow up a child with a strongly 
positive family history, the power of observations made 
before adolescence is debatable.* The position may be 
different during adolescence when there is probably greater 
overall predictive value, but traditionally this is a period 
when medical input is at a minimum. 

At the other end of the range, there seems little doubt that 
blood pressure should be measured in all children present- 
ing to clinicians when ill or when illness is suspected. This 
would be expected practice in adults, and there is no reason 
why it should not be applied to children. The following 
groups of children should also have regular routine blood 
pressure measurements because of the known association 
between certain pathological states and hypertension: those 
with any form of renal or cardiovascular disease, urological 
abnormalities, meningomyelocoele, diabetes mellitus, and 
neurofibromatosis. Also those with headaches, visual 
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symptoms, facial palsy, acute neurological disease, hyper- 
calcaemia, lead poisoning, and acute hypovolaemia. Drug 
treatment with steroids, sympathomimetics, the contracep- 
tive pill, and intravenous administration of blood products 
or saline must be monitored by blood pressure recordings.” 


Circumstances of measurement 

The blood pressure should be taken in a situation which 
produces least anxiety. The phenomenon of ‘white coat’ 
hypertension in adulthood is clearly applicable to children. “= 
Some explanation of the procedure, appropriate to the 
child’s age, is certainly advisable as in younger children the 
non-invasive nature of the experience is not always appreci- 
ated, and the procedure can actually be perceived as quite 
painful, even if performed properly. The room must be ata 
reasonable ambient temperature,'' and the child should 


have been sitting quietly for a few minutes (for example, the 
recording should not be performed directly after the 
assessment of power in all four limbs!). 

The technique that is most practicable for widespread 
clinical application is that using a conventional, well 


nnanet o > 
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appropriate normal range of values. Blood pressure clearly 
increases with age, although not dramatically so in the 
school age group until puberty, and all the available charts 
make reference to age, either directly or indirectly. 

The charts currently most used in the English speaking 
world are those produced by the Second Task Force on 
Blood Pressure Control in Children from Bethesda, in the 
United States,'*? which relate blood pressure directly to age. 
Despite stressing the importance of multiple measurements 
the charts are based, for reasons of study design, on first 
readings only and this makes interpretation difficult.” 
These data make some allowance for the size of the 
individual, which is important as most children with raised 
blood pressure with respect to age will be obese?! and 
further management will be altered accordingly. It may be 
more appropriate altogether, in view of the known influences 
of body size on blood pressure, to relate blood pressure to 
height directly'® and charts exist for this.”” Which ever 
charts are used, it is probably valuable to have 'normograms 
available in the clinical setting. 

In conclusion, the chances of achieving valid and efficient 
blood pressure measurements are improved if the sources of 
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Oxygen saturation and breathing patterns in infancy. 
1: Full term infants in the second month of life 


V A Stebbens, C F Poets, J R Alexander, W A Arrowsmith, D P Southall 


Abstract 

Overnight 12 hour tape recordings were made 
of arterial oxygen saturation (SaQ,, pulse 
oximeter in the beat to beat mode) and 
abdominal wall breathing movement on 67 
healthy, full term infants between the ages of 
29 and 54 (median 39) days. The median base- 
line SaO, during regular breathing was 99-8% 
(range 97-0-100%). Fifty four infants (81%) 
had shortlived episodes during which SaO, 
fell to 80% or less (desaturation); the median 
rate was 0-9 desaturations/hour, and the 
median duration of each desaturation was 1-2 
seconds. The 97th centile value for the dura- 
tion of all episodes in which SaO, fell to <80% 
was 4-0 seconds. The frequency of desatura- 
tions was significantly higher, and their dura- 
tion significantly longer, when the breathing 
pattern was non-regular rather than regular. 
The percentage of apnoeic pauses (24 
seconds in duration) followed by a desatura- 
tion was higher during non-regular than 
regular breathing; it was particularly high 
during periodic breathing. 

A knowledge of normal variability of base- 
line measurements of oxygenation and of the 
relationship between oxygenation and brea- 
thing patterns in infants is essential to the use 
of pulse oximetry in clinical practice. 


Pulse oximetry was introduced into clinical 
practice about 10-years ago. Since then many 
validation studies have been done with pulse 
oximeters made by different manufacturers. 
Some of these studies in infants have shown a 
close correlation with arterial oxygen saturation 
(SaQ,) measured by co-oximetry.'~* It has been 
shown, however, that correlations might vary 
depending which pulse oximeter was used. 

In addition to its clinical use in monitoring 
oxygenation, pulse oximetry may be of value in 
cardiorespiratory physiology. It is a non- 
invasive technique, and can provide immediate 
information about sudden changes in arterial 
oxygenation. 

In the clinical management of patients with 
cardiac or respiratory failure, or both, when 
accurate information about baseline meäsure- 
ments of oxygenation is particularly valuable, 
pulse oximeters are generally used in an ‘averag- 
ing’ mode. In such modes the displayed values 
are calculated as an average of the saturation 
measurements at each pulse during the preced- 


ing 2-15 seconds. For research and diagnostic 
purposes, however, it is possible to use some 
instruments without averaging several pulses— 
that is, in a ‘beat to beat’ mode. This offers 
advantages: immediate information is available 
about any changes in oxygen saturation; these 
changes, combined with an assessment of the 
photoplethysmographic pulse waveforms, indi- 
cate when false saturation values are being 
caused by movement or other artefact; and, 


‘finally, artefactual signals are not averaged with 


non-artefactual signals. 

Previous studies using pulse oximetry in 
infants have shown that sudden drops in oxygen 
saturation are relatively common in this age 
group, particularly in preterm infants and after 
short apnoeic pauses.’ To assess their clinical 
importance, reference data about patterns of 
oxygenation must be available. Baseline oxyge- 
nation and short lived episodes of hypoxaemia 
have therefore been documented from over- 
night 12 hour multichannel physiological 
recordings on a sample of 67 healthy infants in 
the second month of life. The relationship of 
these hypoxaemic episodes to breathing pat- 
terns and apnoeic pauses was determined. 


Patients and methods 

Using a systematic sampling procedure, 69 
infants were ‘recruited immediately after birth 
from all those born in one hospital who had a 
gestational age of at least 37 weeks and seemed 
healthy on medical examination in the nursery 
and subsequently. The study was performed at 
a median age of 39 days (range 29-54, inter- 
quartile range (IQR) 35-43) in the infants’ 
homes. Recordings were made when the infants 
were in good health (that is, free of major 
symptoms from the parents’ report and the 
researcher’s observation) and not taking any 
drugs. Eight infants (12%) had minor problems 
at the time of recording (snuffly nose (n=2), 
thrush (n=2), colic (n=2), eye infection (n=1), 
and eczema (n=1)). Fully informed consent was 
obtained from the parents of all infants re- 
cruited. 

Overnight multichannel physiological record- 
ings started between 1830 and 2200 hours 
(median 2052) and lasted for a mean (SD) of 
11:5 (1:1) hours. Recordings were made of 
arterial oxygen saturation and each photo- 
plethysmographic pulse waveform from a pulse 
oximeter (Nellcor N100 with new software 
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equivalent to N200 and specially modified to 
provide beat to beat data). The oximeter sensor 
was taped around the lateral edge of the infant’s 
foot. In addition, abdominal breathing move- 
ments from a volume expansion sensor (Graseby 
Dynamics, in 73%) or respiratory inductance 
plethysmography system (Studley Data Sys- 
tems, in 27%) were recorded. The volume 
expansion capsule was taped with concentric 
strips of adhesive tape (3M Micropore) midway 
between the umbilicus and xiphisternum. 
Inductance plethysmography was obtained 
using a purpose made vest (PK Morgan). 

Data were recorded onto a four channel FM 
tape recorder (Racal, frequency response DC to 
313 Hz, signal:noise ratio 47 dB/channel) at a 
tape speed of 15/16 inches/second. Oxygen 
saturation recordings were calibrated to mar- 
kers of 0, 50, and 100% generated from the 
oximeter. The recordings were printed onto 
graph paper by an ink jet recorder at 3-2 mm/ 
second. Two recordings (3%) had poor quality 
oxygen saturation signals throughout and were 
removed from the study. Analysis of the 
remaining 67 recordings was done manually by 
two experienced workers according to the fol- 
lowing criteria: 
© Regular and non-regular breathing patterns—A 
regular breathing pattern was signified by episo- 
des of at least one minute in duration during 
which the abdominal wall movement waveform 
was steady in rate and amplitude.® All periods of 
the recording not conforming to the above 
definition, or periods in which the steady 
pattern was disrupted by body movements, 
frequent sighs, or apnoeic pauses were classified 
as non-regular breathing patterns. Episodes of 
periodic apnoea were included in non-regular 
breathing patterns. The classification of regular 
breathing has previously been shown to be 
reproducible.® 
e Pauses in breathing movements—These were 
classified as apnoeic if they lasted for 4 seconds 
or more measured from the end of the expira- 
tory movement waveform to the onset of the 
inspiratory movement waveform (fig 1). Pauses 
were classified according to their duration (4°0- 
7°9, 80-119, and 212 seconds). Episodes in 
which there were three or more successive 
apnoeic pauses, each separated by less than 20 
breaths, were classified as periodic apnoea." 
© Baseline oxygen saturation and episodic 
desaturation—Oxygen saturation measure- 
ments were made only after an assessment of the 
accompanying photoplethysmographic pulse 
waveforms. Any period in which the quality of 
this signal was unsatisfactory was excluded from 
the analysis (fig 1). The remaining oxygenation 
signal was measured in two ways. Baseline SaO, 
was calculated for each episode of regular 
breathing by measuring the SaO, values at the 
end ‘inspiration for each of five successive 
breaths at the centre of each episode of regular 
breathing. These five breaths had to be at least 
10 seconds away from sighs or apnoeic pauses. 

During both regular and non-regular brea- 
thing patterns the duration of each episode in 
which SaO, fell to 80% or below was measured 
(fig 1). The minimum duration measured was 
0-3 seconds. These desaturations were classified 
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Figure 1 Section of a recording on an infant studied at the 
age of 35 days. The uppermost signal is oxygen saturation 
and the middle signal the plethysmographic pulse waveforms 
from which the saturation values were derived; both signals 
were generated from the pulse oximeter in the beat to beat 
mode. The lowest signal is abdominal wall breathing 
movements, showing a non-regular breathing pattern. Aı 
point A there is an apnoeic pause with a duration of 5-3 
seconds, which 1s associated with a period of desaturation 
<80% lasting 2°5 seconds (B). The pulse signal can be 
analysed until point C, at which time body movement (note 
the increased volume of breathing movement) disrupts the 
waveform, and the subsequent saturation signal shows 
unreadable values. 


as related to apnoeic pauses if the beginning of 
an apnoeic pause and of a subsequent desatura- 
tion were separated by a period of 2-0~12-0 
seconds. This time was defined after measure- 


ment of the total response time of the pulse 


oximeter in the beat to beat mode® and examina- 
tion of pilot data. | 

Rates of desaturation/hour of artefact free 
signal and the mean durations of these episodes 
were calculated for each recording. The signifi- 
cance of the differences was assessed by the 
Wilcoxon signed rank test, and correlations 
were tested by the Spearman rank correlation 
coefficient. Results are expressed as median 
(range) for individual recordings. 


Results 

All measurements of oxygenation were corre- 
lated with postnatal age at the time of recording. 
Coefficients for these correlations were all close 
to zero, and there was thus no evidence that age 
had an influence on the results within the range 
studied. The data are therefore presented with- 
out reference to age. 

The median duration of regular breathing 
pattern was 3-0 hours (range 1-1—5-8) and that 
of non-regular breathing pattern 8-8 hours (6°0- 
10:3). The median duration of artefact free 
SaO, signal was 2°9 hours (1’1-5°4) during 
regular breathing pattern and 4°6 hours (2-3- 
6°9) during non-regular breathing pattern. 

During the periods in which there was an 
artefact free SaO, signal, all recordings showed 
apnoeic pauses, with a median value of 6°8 (0-4— 
72°0) pauses/hour. Thirty three infants (49%) 
had episodes of periodic apnoea. The median 
total duration of periodic apnoea in these infants 
was 0°3 (0°1-14°5) minutes/hour. 

The median baseline SaO, was 99°8% (range 
97°0-100%). Analysis of variability in baseline 
SaO, measurements within individual record- 
ings showed a median SD of 0:2% (range 0- 
1'4%). There was therefore low variability in 
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baseline SaO, among different episodes of regu- 
lar breathing in the same recording. 

Of 67 recordings, 54 (81%) contained episo- 
des in which the SaO, fell to 80% or below, with 
a median of 0-9 episodes/hour (range 0-15°1) for 
all recordings. The median of the mean dura- 
tion of these episodes for individual recordings 
was 1-2 seconds (0'3-2'2). The median for the 
longest individual desaturation in each record- 
ing was 2°4 seconds (0°3-8°6). Looking at all the 
desaturations, 97% lasted less than 4:0 seconds 
(only 24 desaturations in 11 recordings lasting 
for 4:0 seconds or longer). 

The median number of desaturations/hour 
was 0-0 (0-0-1-7) during regular breathing com- 
pared with 1:5 (0-23°1) during non-regular 
breathing) (p<0°001) (fig 2). The median of the 
mean durations of desaturations was 0°8 
seconds (0°3-1'6) during regular breathing 
compared with 1:] seconds (0°3-2°9) during 
non-regular breathing (p<0-05). During regu- 
lar breathing 98% of desaturations were associ- 
ated with an apnoeic pause; during non-regular 
breathing this proportion was 65% (p<0'0l). 

The proportion of apnoeic pauses followed by 
a desaturation (table) varied with the duration 
of pause and the breathing pattern. The propor- 
tion was lowest during regular breathing 
(regardless of duration) and highest during 
periodic apnoea, particularly in association with 
long pauses. The differences were significant 
when pauses of <8-0 seconds were compared 
with pauses of 8°0-11:9 seconds in duration 
during periodic apnoea (p<0°05), and when iso- 
lated short pauses during regular compared 
with non-regular breathing were compared 
(p<0-001). Pauses of 212-0 seconds were so 
infrequent (10 in eight infants) that they did not 
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Figure2 Numbers of recordings, subdivided into number of 
desaturations/hour of artefact free signals, for non-regular 
and regular breathing patterns. 


Percentages of apnoeic pauses that were followed by 
desaturations. Medians (ranges) for differing pause durations 
during different breathing patterns. The number of recordings 
containing such pauses 1s given in parentheses below the 
results for each cell 


Duration of Breathing pattern 
apnoetc pause = 
(seconds) Regular Non-regular 
Isolated Pauses in 
pauses periodic 
apnoea 
4-0-7-9 0 (0-46) 9-1 (0-67) 5'9 (0-67) 
{n=64) (n=67) (n=33) 
8°0—11°9 0 (0-50) 0 (0-100) 36°8 (0-100) 
(n=24) (n=34) (n=14) 
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provide adequate information for analysis in any 
of the breathing/pause pattern categories. 

To assess whether the infants with more 
pauses also had a higher percentage of pauses 
associated with desaturation we calculated the 
Spearman correlation coefficient for these two 
variables, but it was poor (r=0'23). 


Discussion 

We have studied reference data for variables 
concerning breathing movements patterns and 
oxygenation in full term infants at about 6 
weeks of age. Interestingly, there were no 
obvious developmental changes in oxygenation 
over the age range included in the study. Analy- 
sis of similar recordings in a subgroup of infants 
studied sequentially between the ages of 6 
weeks and 1 year showed no major changes in 
either baseline SaQ- or short lived falls in SaO- 
during the period analysed (unpublished data). 
Thus arterial oxygenation seems to be relatively 
stable beyond the neonatal period. 

The distribution of regular and non-regular 
breathing patterns has been described by 
Richards et al.” The present results are similar 
to those of that study, in which 24 hour record- 
ings of breathing movements and electrocardio- 
grams in infants of comparable age were analy- 
sed. Assuming that a regular breathing pattern 
is highly correlated with a state of quiet sleep,” 
our finding of three hours of regular breathing 
during an overnight recording is comparable 
with figures given in other studies for the dura- 
tion of quiet sleep in this age group.!° !! One 
limitation of this method is that both awake and 
active sleep periods are included in non-regular 
breathing. Information about differences in 
oxygenation and respiratory patterns between 
these states is therefore not available from this 
analysis. 

Comparison of the frequency of apnoeic 
pauses with data from other studies is difficult, 
because there is no common definition of 
apnoeic pauses.!? Our results, however, are 
similar to those of Richards et al who included 
all apnoeic pauses of =3-6 seconds in duration.® 

The baseline oxygen saturation measurement 
made during regular breathing was high in all 
infants, with little variability between different 
measurement points in the same recording. Our 
values are higher than those given by Mok et al 
who used the same oximeter.!* They did not 
assess the quality of the photoplethysmo- 
graphic waveforms, however, and so artefac- 
tually depressed values could have been incor- 
porated in their results. In addition, their mea- 
surements were calculated as an average of all 
SaO, values occurring at a fixed sampling inter- 
val, so they potentially included desaturations 
in their analysis and failed to distinguish 
between breathing patterns. 

Desaturations were present in most infants, 
but they were usually short, 97% being less than 
4 seconds long. During regular breathing 
almost all desaturations followed an apnoeic 
pause. During non-regular breathing a third of 
the desaturations were not preceded by apnoeic 
pauses of 4-0 seconds or more in duration. Some 
of these latter desaturations may have reflected 
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a response to pauses shorter than 4 seconds; 
others may have been accompanied by con- 
tinued abdominal wall movements, with or 
without continued airflow.’ Recordings that 
include respiratory airflow would be required to 
investigate these phenomena fully. 

The proportion of apnoeic pauses followed by 
a desaturation may be an indicator of the oxygen 
stores in the lung, the oxygen consumption, and 
of the matching of ventilation to perfusion. 
Interestingly, less than half the recordings that 
showed apnoeic pauses during regular breathing 
showed any of these pauses followed by a 
desaturation to 80% or less. The proportion of 
short pauses associated with desaturations 
increased significantly during non-regular brea- 
thing. Active sleep is included in non-regular 
breathing, and this increase between regular 
and non-regular breathing patterns might, at 
least in part, be explained by an increase in 
oxygen consumption, and possibly a reduction 
in intrapulmonary oxygen stores, during active 
sleep.'* 

During periodic apnoea, over half of the 14 
recordings showing longer pauses (8:0 to 11:9 
seconds) had more than one third of such pauses 
followed by a desaturation. Similar findings 
about the effect of periodic breathing on oxyge- 
nation were reported by Mok et al who, by 


using methods that absorbed episodic desatura- - 


tion values into their average values of satura- 
tion, found a mean decrease of 26% from 
baseline measurements during periodic brea- 
thing. As only a relatively small number of 
infants in our study had apnoeic pauses of 8 
seconds or longer, the apparently stronger influ- 
ence of periodic breathing on oxygenation 
remains a preliminary result. 

Reference data about episodes of desaturation 
in infants have not previously been published. 
In this study we used a pulse oximeter that has 
been validated against arterial line measure- 
ments in infants.” We also used the oximeter in 
the beat to beat mode. Most infants, despite a 
high baseline measurement of SaO,, showed 
drops in oxygenation to levels below a threshold 
which has been previously defined as indicating 
an ‘abnormal’ reaction to an apnoeic pause.!© Y 
Most of the recorded episodes, however, were 
brief (<4 seconds) and would not, therefore, 
have been observed using a pulse oximeter that 
averages SaO, values over several seconds. In 
the beat to beat mode, pulse oximeters can sense 
short lived falls in SaO, that are not seen with 
the averaging modes used normally. 

Because the short lived falls in SaO, that were 
identified by this pulse oximeter occurred in 
healthy infants they must be regarded as nor- 
mal. Variations in either baseline oxygenation 
measurements, or in the duration or frequency 
of episodes of desaturation beyond the range 
given here, however, may indicate a clinically 
relevant disturbance of oxygenation. 

It might be argued that the short lived episo- 
des of desaturation identified by this pulse oxi- 
meter in the beat to beat mode are artefactual, 
but their consistent relationship to apnoeic 
pauses, and previous observations that similar 
but more severe desaturations can occur during 
cyanotic episodes that have been documented as 
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‘real’ by arterial blood gas analysis,'® suggest 
that they do reflect true episodes of hypo- 
xaemia. Moreover, similar short lived desatura- 
tions have been reported by other workers, not 
only using pulse oximetry,’* but also ear 
oximetry. 

Recordings of breathing movements and elec- 
trocardiograms (pneumograms) are widely used 
to study respiratory physiology in infants. The 
frequency of apnoeic pauses and the quantity of 
periodic breathing have been used to indicate 
the need for home monitoring?” or treatment 
with methylxanthines.?! From a physiological 
viewpoint, however, hypoxaemia seems to be a 
better indicator of the adequacy of ventilation 
and ventilation/perfusion matching.'? Certainly 
these present results indicate that any recording 
of breathing movements without an indicator of 
oxygenation will produce information that is 
difficult to interpret. Firstly, there was poor 
correlation between the frequency of apnoeic 
pauses and the percentage of those pauses 
accompanied by desaturation; secondly, about a 
third of the desaturation episodes were not 
related to apnoeic pauses; and finally, the per- 
centage of apnoeic pauses accompanied by epi- 
sodes of desaturation, particularly during 
periodic apnoea, varied widely among indi- 
vidual infants. 

In conclusion, our results indicate the 
importance of including oxygenation in studies 
of respiratory physiology, whether these be on 
healthy subjects or patients with symptoms. 
Although an outlying result in either the base- 
line oxygen saturation value or the frequency of 
recurrent short lived falls in SaO, may be help- 
ful in assessing the severity of illness in infants 
with symptoms, for instance during a respira- 
tory tract infection, the prognostic value of out- 
lying results in infants who are symptom free 
remains unknown. Further prospective studies 
are needed to answer this potentially important 
question. 
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Oxygen saturation and breathing patterns in infancy. 
2: Preterm infants at discharge from special care 


C F Poets, V A Stebbens, J R Alexander, W A Arrowsmith, SA W Salfield, D P Southall 


Abstract 

Overnight 12 hour tape recordings of arterial 
oxygen saturation (SaQ,, pulse oximeter in 
the beat to beat mode), breathing movements, 
and airflow were made on 66 preterm infants 
(median gestational age 34 weeks, range 
25-36) who had reached term (37 weeks) and 
were ready for discharge from the special care 
baby unit. No infant was given additional 
inspired oxygen during the study. The median 
baseline SaO, was 99-4% (range 88-9-100%). 
Eight infants had baseline SaO, values below 
97%, the lowest value observed in a study on 
full term infants. All but one infant had short- 
lived falls in SaO, to <80% (desaturations), 
which were more frequent (5-4 compared with 
0-9/hour) and longer (mean duration 1-5 com- 
pared with 1-2 seconds) than in full term 
infants. There was no evidence that gestatio- 
nal age at birth influenced the frequency or 
duration of desaturations among the preterm 
infants. The frequency of relatively pro- 
longed episodes of desaturation (SaO, <80% 
for =4 seconds), however, decreased signifi- 
cantly with increasing gestational age (0-5, 
0-4, 0-2, and 0-1 episodes/hour in infants at 
<32, 33-34, 35, and 36 weeks’ gestational age, 
respectively). Analysis of the respiratory pat- 
terns associated with such episodes showed 
that 5% occurred despite both continued 
breathing movements and continuous airflow. 
Five infants had outlying recordings: three 
had baseline SaO, values of less than 95% 
(88-9, 92-7, and 93-8%), and two had many 
prolonged desaturations (14 and 92/hour; 
median for total group 0-2, 95th centile 2-3). 
None of these five infants had been con- 
sidered clinically to have a disorder of 
oxygenation. 

Although these data are insufficient to 
provide information about outcome, we con- 
clude that reference data on arterial oxygena- 
tion in preterm infants are important to enable 
the identification of otherwise unrecognised 
hypoxaemia. 


Preterm infants have significantly more apnoeic 
pauses and periodic breathing when they reach 
term than infants who are born at term,! 
particularly if they have a previous history of 
apnoea of prematurity.* Apnoeic pauses may be 
triggered by chronic hypoxaemia,* or may 
themselves cause episodic hypoxaemia. Short 
lived falls in oxygen saturation seem to be 
normal among infants.* ° If we want to identify 
abnormal hypoxaemia, therefore, we need to 
know about normal variability in arterial 
oxygenation in this particular group of infants. 


Currently, there is little knowledge about 
normal arterial oxygenation in infancy. In a 
previous study we analysed arterial oxygen 
saturation and breathing movements in healthy 
full term infants in their second month of life.* 
In the present study, the same techniques have 
been applied to a group of preterm infants who 
were studied when they were ready for dis- 
charge from the special care baby unit and had 
reached at least 37 weeks’ gestation. Two speci- 
fic questions were asked: what is the influence 
of gestational age on the pattern of oxygenation, 
and (based on our study of term infants*) how 
does oxygenation differ between full term and 
preterm infants? 


Patients and methods 

Between August 1986 and July 1987 all preterm 
infants who were born at three maternity 
hospitals and who received special care immedi- 
ately after birth had overnight tape recordings 
made of selected physiological variables. The 
study was carried out when infants were asses- 
sed as ready for discharge, and only on those 
who were considered to have a good prognosis 
for survival. A total of 305 infants fulfilled the 
criteria, and 261 (86%) had parental consent for 
the investigation. The project was approved by 
the hospitals’ ethics committees. For the pur- 
pose of this study, all 72 infants with gestational 
ages of 37 weeks or more at the time of dis- 
charge, and who underwent their recordings 
within the three days before discharge, were 
included in the analysis. 

All 72 infants underwent 12 hour overnight 
recordings of arterial oxygen saturation (SaQ,) 
(Nellcor N100 with new software equivalent to 
N200 and specially modified to provide beat to 
beat data); each photoplethysmographic pulse 
waveform from a pulse oximeter (for the valida- 
tion of the saturation signals); breathing move- 
ments from a volume expansion capsule (Gra- 
seby) or from respiratory inductance plethys- 
mography (Studley Data Systems); and nasal 
airflow either through a thermistor (Yellow 
Springs Instruments) or from expired carbon 
dioxide sampling (Engström Eliza). The record- 
ings were stored on tape (Racal FM4) and 
subsequently printed onto graph paper by an 
ink jet recorder at 3:2 mm/second. As the study 
was prospective and non-invasive the recordings 
were not used for clinical management. 

Six recordings (8%) gave poor quality oxygen 


saturation signals throughout and were removed > 
from the study. Of the remaining 66 recordings, “~~ 


31 (47%) were done on the last day before 
discharge, 26 (39%) two days, and eight (12%) 


aw ON 


three days before discharge. Eight infants were 
receiving drug treatment at the time of the 
study: antibiotics (n=6), diuretics (n=1), and 
theophylline (n=1). No infant was receiving 
additional inspired oxygen. 

The recordings were analysed by two experi- 
enced workers without knowledge of the clinical 
history of the infants as described previously.’ 
In summary, the duration of artefact free SaO, 
signal was measured. Periods of regular and 
non-regular breathing patterns were identified. 
The numbers of apnoeic pauses of 4 seconds or 
longer were counted. Episodes with three or 
more successive apnoeic pauses, each separated 
by less than 20 breaths, were classified as 
periodic apnoea. 

Baseline oxygen saturation values were calcu- 
lated for each episode of regular breathing by 
measuring the oxygen values at end inspiration 
for each of five successive breaths half way 
through the episode. In both breathing patterns 
the number of episodes in which SaO, fell to 
<80% was counted, and the time that it 
remained <80% was measured during each 
episode. These episodes of desaturation were 
classified according to their relationship with an 
apnoeic pause. An association with an apnoeic 
pause was considered to be present if the 
desaturation began within 2-12 seconds of the 
onset of the apnoeic pause. 

Prolonged desaturations (SaO, <80% for >4 
seconds) were analysed separately; in full term 
infants 97% of all desaturations were shorter 
than 4 seconds.* The breathing signals during 
each prolonged desaturation were analysed and 
classified according to the presence of: a pause 
in breathing movements; a pause in airflow only 
(minimum duration 4 seconds); a mixed pause 
with a combination of the. first two; and 
continuous airflow with no pause in either 
breathing movements or airflow. If the desatur- 
ation occurred during a period in which the 
breathing signal was of poor quality the episode 
was classified as uninterpretable. 

Clinical data were abstracted from the dis- 
charge summaries. Data concerning the infants’ 
survival were collected from the National 
Health Service Register at the Office of Popula- 
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tion Censuses and Surveys. Two infants died, 
both in the first year of life. One had a 
ventricular septal defect, and died at 5 months 
of age in the perioperative period after cardiac 
surgery, and one (who had developed asthma) 
died at 11 months in status asthmaticus. There 
was no death from the sudden infant death 
syndrome among the infants in this study. 

To analyse the influence of gestational age at 
birth, results are presented for the total group of 
66 infants and also divided into four subgroups, 
categorised arbitrarily before the results were 
examined, by gestational age (weeks) at birth: 
group A, <32 (n=16); group B, 33-34 (n= 18); 


` group C, 35 (n=16); and group D, 36 (n=16). 


Rates of occurrence of desaturations/hour of 
artefact free signal, and their mean durations, 
were calculated for each recording. The signifi- 
cance of differences was assessed using the 
Kruskal-Wallis test for the comparison between 
the subgroups of preterm infants with different 
gestational ages, the Wilcoxon rank sum test 
and Fisher’s exact test for comparisons between 
preterm and full term infants, and the Wilcoxon 
matched pairs signed ranks test for comparisons 
between breathing patterns. Findings are given 
as the median (and range of individual mean 
values) for each variable. 


Results 

Table 1 shows that the infants in the four sub- 
groups had different postnatal, but similar post- 
conceptional, ages at the time of the study. A 
history of respiratory distress or apnoea of pre- 
maturity was more common among the infants 
who were less mature (table 2). Two infants had 
congenital heart disease: one had an aortopul- 
monary window, and one had a ventricular sep- 
tal defect. Neither had outlying results for any 
of the variables studied. 

The median duration of artefact free signal 
was 2'0 hours (range 0°7-5°5) during regular 
breathing and 6°1 hours (2°7-8°4) during non- 
regular breathing. These durations were similar 
in all subgroups (data not shown). 

During regular breathing the median number 
of apnoeic pauses/hour was 5-8 (0°0-19°0), with 
two infants having no pauses during this pat- 


Table 1 Clinical data of the infants studied, according to gestational age at birth. Figures are expressed as median (range) 


except where otherwise stated 


Group Total (n=66) 
A (n=16) B (n=18) C (n=16) D (n=16) 
Gestational age at birth (weeks) 29 (25-32) 33-5 (33-34) 35 (35) 36 (36) 34 (25-36) 
Male:female ratio 4:12 12:6 9:7 10:6 35:31 
Birth weight (g) 1115 (700-1575) 1720 (1200-2280) 2030 (1410-3260) 2140 (1375-2975) 1822 (700-3260) 
Postnatal age at recording (days) 78 (32-106) 26 (18-52) 15 (11-44) 15 (5-65) 24 (5-106) 
Postconceptional age at 
recording (weeks) 39 (37-43) 37°5 (37-41) 37 (37-42) 39 (37-46) 38 (37-46) 
Table 2 Clinical histories of infants according to gestational age 
Group Total (n=66) 
A (n=16) B (n=18) C (n=16) D (n=16) 
Gestational age at birth (weeks) z32 33-34 35 36 25-36 
Product of multiple pregnancy 4 2 2 2 10 
Respiratory distress syndrome 13 9 8 5 35 
Positive pressure ventilation 13 7 l 0 21 
History of apnoea of prematurity 1] 5 1 0 17 
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groups of different gestational ages (weeks) at birth: group A, 
<32; B, 33-34; C, 35; and D, 36. Dotted line represents the Figure2 Distribution of desaturations (SaO, <80%/hour) 
lowest value recorded in 67 full term infants (97%). in groups of different gestational ages (weeks) at birth: 
group A, <32; B, 33-34; C, 35; and D, 36. Note 
logarithmic scale on the y axis. Horizontal bars indicate 

tern. All infants had pauses during non-regular median in each group. Values for desaturations could not be 
breathing, with a median of 30-8 (0-5-155-2)  °P!atned for one infant in group A. 
pauses/hour. Periodic apnoea occurred in 63 
(95%) infants, with a median of 14:0 (0:0- All but one recording contained episodes dur- 
144-0) pauses/hour in this pattern. Again, ing which SaO, fell transiently to 80% or less 
values were similar in the groups with different (table 3). The frequency and mean duration of 
gestational ages at birth (data not shown). these desaturations were similar in the groups 

The median baseline SaO, was 99-4% (88-9- with different gestational age (table 3, fig 2). 
100). The fifth centile was 94-3%. Analysis of The duration of the longest desaturation 
variability in baseline SaO, measurements observed in each recording, as well as the pro- 
within individual recordings showed a median portion of apnoeic pauses that was followed by a 
SD of 0°8% (range 0-3-2%). The average varia- desaturation, decreased with increasing gesta- 
bility within baseline SaO, measurements tional age, but the differences between the 
between different episodes of regular breathing groups were not significant (table 3). There 
in the same recording was thus four times were, however, significant differences for all 
higher than in the full term infants studied variables between different breathing patterns: 
previously.* desaturations were more frequent and were 

Fight infants had a baseline SaO, value below longer during non-regular than during regular 
97%, the lowest level observed in normal full breathing, and the proportion of apnoeic pauses 
term infants (fig 1).* None of the three infants followed by a desaturation was also higher 
who had values below the fifth centile had been during non-regular breathing (table 3). All 
considered clinically hypoxaemic: the first, with variables differed significantly from those 
a baseline SaO, of 93°8%, had never received previously obtained in full term infants 
additional inspired oxygen. The second, with a (table 4). 
baseline of 927%, had been oxygen dependent Analysis of prolonged desaturations (SaO, 
until 72 days of age, but was not thought clini- <80% for >4 seconds) showed that 44 infants 
cally to require it at the time of discharge. The (68%) had a total of 822 such episodes, with a 
infant with the lowest baseline SaO, (88-9%) median frequency of 0:2 (0-0-92-4) per hour 
had a gestational age of 31 weeks and had been (fig 3). This frequency decreased significantly 
ventilated for three days because of mild respir- with increasing gestational age (p<0-02). The 
atory distress syndrome. She had no history of analysis of the associated breathing pattern sho- 
‘apnoea of prematurity and was clinically well. wed that most of the prolonged desaturations 
Because her SaO, was below 80% during a sub- (534 (65%) in 28 infants) followed pauses during 
stantial part of the recording, it was excluded periodic apnoea; and 144 (18%) in 31 infants A 
from further analysis of episodic desaturation followed isolated apnoeic pauses, almost all of 
below 80%. these occurring during non-regular breathing. 


Table 3 Results of arterial oxygen saturation measurements. Values are expressed as median (range) except where otherwise stated; *p<0-05, **p<0-01, 
*** »<0:001, regular compared with non-regular breathing patterns 


Breathing Group Total (n=65) 
BEER: A (n=15) B (n=18) C (n=16)  --D (n=16) 
Gestational age at birth 
(weeks) p <32 33-34 35 , 36 25-36 
No of desaturations Regular 0-4 (00-40: 1)*** 0-0 (0-0-12:0)*** 0-0 (0-:0-2:7)*** 0-0 (0-0-4-9)*** 0-0 (0-0-40-1)*** 
(Sa0,<80%)/hour Non-regular 7°6 (0'2-164°9) 8:8 (0°3-63 4) 12:0 (00-417) 3:9 £0°0-29-5) 7:2 (00-1649) 
Mean duration of desat- Regular 0-9 (033-2) (n=8)** 1-1 (0-3-2-7) (n=7)* 1.9 (0-6-2-0) (n=7) 0-9 (0-3-1:2) (a=5) 1-1 (0-3-3-2) (n=27)*** 
urations (seconds) Non-regular 17 (0744) (n=15) 1-6 (0°5-3°3) (n=18) 1.6 (0°6-3°3) (n=15) 3 (0-6-2-4) (n=15) 1-5 (0°5-4-4) (n=63) 
Duration of longest desat- Regular+ 
uration (seconds) non-regular 7:2 (11-269) 77 (0°8-26°9) 5:0 (0°3~13°3) 3:9 (0°3-17-0) 51 (0°3-26°9) l 
No of desaturations =4 Regular + A 
seconds/hour non-regular 0°5 (00-924) 04 (00-142) 0-2 (0-0-2-3) 0-1 (0-0-0-4) 0-2 (0-0-92-4) As 
Percentage of apnoeic pauses Regular 2 (0-100) 0 (0-64)*** 0 (0-33)** 0 (0-86)** 0 (0-100)*** 
that were followed by a Non-regular 12 (0-96) 18 (0-70) 11 (0-43) 6 (0-58) 12 (0-96)*** 


desaturation 
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Table 4 Comparison of results between full term and preterm infants. Figures are expressed as median (range) except where 
otherwise indicated. Values for desaturations could not be obtained in one preterm infant. 











Full term Preterm p Value 
infants (n=67) infants (n=66) 
Age at recording (days) 39 (29-54) 23 (5-106) Not applicable 
No of apnoeic pauses/hour 6°8 (0°4-72°0) 25 (1-0-1473) <0-0001 
No (%) infants with periodic apnoea 33 (49-3) 63 (94) <0-0001 
Baseline SaO, measurement (%) 99-8 (97°0-100) 99-4 (88-9--100) <0°01 
No (%) infants with SaO; <80% 54/67 (81) 64/65 (99) <0:02 
No of desaturations/hour 0-9 (0:0-15°1) 5-4 (0°0-156°5) <0-0001 
Mean duration of desaturation (seconds) 1-2 (0°3-2°2) 15 (0°3-4°4) <0-001 
Duration of longest desaturation (seconds) 24 (0-3-8-6) 5-1 (0°0-26°9) <0-0001 
100 o both breathing movements and airflow. In the 
remaining 7% airflow signals were uninterpret- 
able. Examples of the different breathing pat- 
5 o terns during prolonged desaturations are shown 
£ 10 in fig 4. 
8 5 There were two infants who had values far 
5 @ P outside the range of all other infants (fig 3). One 
8 5 & 8 infant, who had a total of 104 prolonged 
g 1 z z desaturations (14'2/hour), had a gestational age 
© —o— O œ 
8 D —-O— of 34 weeks and had had recurrent apneoa and 
6 I =” an bradycardia that were reported to have ceased a 
o ? a Ben week before discharge. Her baseline SaO, was 
ne = qm __ amp 98:9% The other infant, who had a total of 382 
rou : 
(n=15) {n=18) (n=16) (n=16) prolonged desaturations (92°4/hour), 362 of 


Figure3 Distribution of prolonged desaturations (SaO, 
<80% for >4 seconds/hour) in groups of different gestational 
ages (weeks) at birth: group A, <32; B, 33-34; C, 35; and 
D, 36. Note logarithmic scale on the y axis. Horizontal bars 
indicate median in each group. Values for desaturations could 
not be obtained for one infant in group A. 
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Figure4 Examples of the different breathing patterns 
during prolonged desaturations: 1=arterial oxygen 
saturation; 2=photoplethysmographic waveform; 

3= breathing movements (pressure capsule); and 4=nasal 
airflow (thermistor). (A) shows two episodes of desaturation 
despite continued breathing movements and airflow, followed 
by a desaturation associated with a short apnoeic pause. The 
shape of the saturation signal is similar during both patterns. 
(B) shows two pauses in breathing movements and airflow of 
15 and 7 seconds duration, respectively. (C) shows a mixed 
pause (21 seconds) with a pause in breathing movements and 
airflow that is followed by cessation of airflow only. 


a 


Forty one (5%) were associated with an absence 
of airflow, 12 of these being mixed pauses. 
Thirty seven prolonged desaturations (5%) in 17 
infants occurred despite the continuation of 


them during periodic apnoea, was born at 26 
weeks’ gestation (birth weight 775 g), and had 
had positive pressure ventilation for the first 
four weeks of life. Her baseline SaO, was 
97-1%. She was also the infant with the highest 
number of short desaturations, and the only 
infant in whom more than 95% of apnoeic 
pauses were followed by a desaturation during 
both regular and non-regular breathing 
patterns. Both infants were clinically well at the 
time of the recordings. 


Discussion 

The present study, in which we used a pulse 
oximeter in the beat to beat mode that has been 
validated against arterial line measurements,° 7 
provides the first reference data for SaO, in 
preterm infants. The infants studied were a 
heterogeneous group covering a wide range of 
gestational ages at birth, and different medical 
histories, because we wanted to provide repre- 
sentative data for preterm infants leaving special 
care. We were therefore careful not to apply too 
restrictive entry criteria for the infants that were 
enrolled in this study. So that the data could be 
compared, however, it was necessary to include 
only infants who had reached term at the time of 
their discharge. 

There were relatively small differences in the 
number and duration of desaturations between 
subgroups with different gestational ages at 
birth but similar postconceptional ages at the 
time of study. This finding is in agreement with 
that of Hinkes on breathing movements in pre- 
term infants; he also showed a wide scattering in 
the number of apnoeic pauses in infants with 
different gestational ages. Our data, however, 
show that the frequency of prolonged desatura- 
tions increased with decreasing gestational age 
at birth (fig 3). This, and the fact that there 
were highly significant differences for all vari- 
ables between these preterm infants and the full 
term infants (table 4), suggest that gestational 
age at birth may have some influence on the 
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development of stability in arterial oxygena- 
tion.* This influence, however, is overlaid by 
the large interindividual variability in the fre- 
quency of desaturations in this group of infants. 
The comparison with full term infants is addi- 
tionally compromised by the fact that the full 
term infants were older at the time of study and 
had a narrower age range, specifically omitting 
the neonatal period. The indications that 
maturity at birth is an independent factor for 
the developmental of stability in oxygenation 
cannot therefore be confirmed by these data. 
Further studies of larger numbers of infants are 
necessary to answer this question. 

Interestingly, with few exceptions, the pre- 
term infants had baseline values of SaO, in the 
same range at the full term infants.* This means 
that during stable conditions most preterm 
infants had normal SaO, The variability in base- 
line SaO, in the same recording, however, was 
considerable. This suggests that making only 
one measurement during quiet sleep may not 
provide reliable information about baseline 
SaO, in infants born before full term. 

The present data clearly show the influence of 
breathing pattern on arterial oxygenation. Dur- 
ing regular breathing, which is highly correlated 
with the state of quiet sleep,” most of the infants 
did not have any episodes of desaturation, and 
when episodes did occur, they were usually 
short (in 95% of infants the longest desaturation 
during regular breathing was less than 4 seconds 
long). The opposite was true during non-regular 
breathing; apnoeic pauses occurring during 
non-regular breathing are more likely to be 
associated with a desaturation.* Non-regular 
breathing includes active sleep, and possible 
reasons for an increase in the frequency of 
desaturations include increased oxygen con- 
sumption and reduced intrapulmonary oxygen 
stores.!° !! In preterm infants, who have lower 
functional residual capacity and more compliant 
chest walls, the influence of active sleep may be 
even more pronounced.” 

In a previous study we described the occurr- 
ence of intermittent arterial hypoxaemia despite 
continued breathing movements and nasal 
airflow.° This was most common in preterm 
infants being investigated for cyanotic episodes, 
but also in two of 16 preterm controls who had 
no symptoms. None of these infants (cases or 
controls) had a structural congenital heart lesion 
that could have produced a right to left shunt 
and resultant ventilation/perfusion mismatch. 
An intermittent intrapulmonary right to left 
shunt was, therefore, considered to be the most 
likely cause of these hypoxaemic episodes.” '° 
The analysis of breathing patterns during pro- 
longed desaturations performed in the present 
study confirms our previous observation that 
the potential to develop a mismatch between 
ventilation and perfusion may also be present in 
clinically well preterm infants. 

The large interindividual variability in the 
frequency of short lived desaturations reduces 
their usefulness as markers of abnörmal respira- 
tory pathophysiology. The frequency of pro- 
longed desaturations, and the baseline SaO- 
values, however, showed less variability 
between subjects and may therefore serve as 
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indicators for hypoxaemia. Using these vari- 
ables, five infants in this study were identified 
as clear outliers at the time of their discharge 
from hospital: three with baseline SaO, values 
below 95% (one only 89%) and two with large 
numbers of prolonged desaturations. Our 
sample is not large enough to provide informa- 
tion about the outcome of these infants. There 
is evidence, however, that chronic or acute 
intermittent hypoxaemia may be a contributing 
factor to sudden infant death,” and that 
chronic hypoxaemia may reduce the amount of 
weight gained by preterm infants. '© This condi- 
tion should therefore be identified and treated. 
Further prospective studies on the reproducibil- 
ity and prognostic significance of outlying 
results should be done, however, before similar 
long term recordings of arterial oxygen satura- 
tion and breathing patterns can be advocated for 
all preterm infants before discharge from special 
care baby units. 
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* Decreases of about 20% in plasma phenytoin levels have been reported but these are unlikely to be of therapeutic significance. ME RR E LL 
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Abridged Prescribing Information 
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Bu u A child is dying: what do you do? 
m Paediatric resuscitation chart 
e a Resuscitating children is different from 
| resuscitating adults—and more difficult. Because 
cardiorespiratory arrest in children is uncommon 
3 each doctor’s experience of handling it is limited, 
> and there is a tendency to forget the recommended 
€ drug doses; also, because children come in so 
18 months many different sizes it is hard to judge the correct 
sone dose, especially if you do not know the child’s 
i 2 5 40 D weight. Yet delay or inaccuracy in treatment might 
—_ be fatal. The Paediatric Resuscitation Chart, 
mcm er devised by Dr Peter Oakley and based on the 4 





guidelines of the Resuscitation Council (UK), 
gives you at a glance the essential information for 
making rapid and accurate decisions. The chart is 
a available as an A2 size poster or a pocket sized 


2 4 6 8 10 
Diazepam (mg) intravenous 5 2-5 5 7-5 10 10 
postcard. 







1-2 
per rectum 2:5 





5 10 _ _ _ 
Glucose (ml of 50%) 10 20 40 60 80 100 
intravenous 


intravenous or endotracheal à 
and postage, by air abroad. 
Salbutamol {ug} 25 50 100 150 200 250 i i , i 
sida Single copies of a postcard version of the chart are available, free of 
sn (16cm x 24cm; 6in x 9in). Bulk orders please write to the Book 
Fer er ee 
Deparanent 


Credit cards are accepted: ACCESS, VISA, AMERICAN EXPRESS 
(please give full details) 








* One millilitre calcium chloride 1 mmatml = 1-5 ml calcium chloride 10% 34-5 ml calcium gluconate 10% 
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Airway response to exercise and methacholine in 
children with respiratory symptoms 


J B Clough, S A Hutchinson, J D Williams, S T Holgate 


Abstract 

Thirty atopic and 30 non-atopic subjects were 
identified from a population of 7-8 year old 
children with current respiratory symptoms. 
The response of the airways to exercise and 
provocation by methacholine were compared. 
In these children, who had symptoms but 
were not necessarily asthmatic, there was no 
significant correlation between the two 
stimuli. The atopic children were, however, 
significantly more responsive than the non- 
atopic children to both. For the whole group, 
odds ratios derived for atopy and for an 
increased response to methacholine (expressed 
as a PD.,.—the dose that caused the forced 
expiratory volume in one second (FEV,) to fall 
by 20%—of <6-4 pmol/l), a positive exercise 
test (>15% fall in FEV,), and the presence of 
asthma were 13-5, 3-3, and 21-0, respectively; 
that for positive response to methacholine and 
positive exercise challenge was 1-5. Thus 
though increased bronchial responsiveness to 
methacholine and exercise challenge are both 
associated with a diagnosis of asthma, the 
association between the two stimuli is com- 
plex, and supports the view that they reflect 
entirely different components of airways dys- 
function. 


There is no universally accepted definition of 
asthma, although it is usually described clini- 
cally as reversible airways obstruction. Increas- 
ingly the word ‘asthma’ is used to embrace a 
range of diseases with the common end points of 
increased airways resistance and increased 
bronchial responsiveness. Establishing a 
diagnosis of asthma purely on clinical grounds 
can be difficult. There are no symptoms that are 
specific for asthma, especially in childhood 
when recurrent cough—particularly at night— 
is common. Attempts to delineate symptom 
complexes that are more specific for ‘asthma’ 
than single symptoms have not been 
successful.’ The recognition that enhanced 
responsiveness of the airways to various diff- 
erent stimuli often accompanied established 
asthma raised the possibility that a formal 
assessment of this component of airways dys- 
function by provocation testing might provide 
the objective measurement that would enable 
the diagnosis of asthma to be made with a grea- 
ter degree of certainty. Though increased 
bronchial responsiveness is a useful adjunct to 
the diagnostic profile of asthma, at any given 
moment only two thirds of clinically diagnosed 
asthmatic subjects respond in this way and up 
to one third of subjects with increased bronchial 
responsiveness have no symptoms.!“* In addi- 


tion, reductions in baseline airway calibre and 
indices of responsiveness are continuous vari- 
ables, so before making a diagnosis of asthma 
based on these measurements, it is necessary to 
decide how much reversibility of airway calibre 
or increase in bronchial responsiveness equates 
with asthma, and to define a cut off point that 
differentiates normal from abnormal. 

A clinical assessment of airway responsive- 
ness in a patient presenting with respiratory 
symptoms but with normal or near normal basal 
pulmonary function may provide useful additio- 
nal information. In adults it is most often mea- 
sured using inhaled methacholine or histamine 
as the provoking stimulus, by challenge tests for 
which detailed protocols and limits of repeata- 
bility have been clearly defined. In children an 
exercise test is more commonly done as this 
form of challenge is better accepted by this age 
group, and perhaps has more clinical relevance 
because physical activity plays an important 
part in most children’s lives. Indeed, exercise 
challenge forms part of the assessment of the 
child with respiratory symptoms in many out- 
patient clinics. 

Few comparisons have been made between 
exercise and methacholine or histamine as the 
provoking stimulus in bronchial challenge, and 
those that have do not only lack standardisation 
of methods, making comparisons between 
studies difficult, but have also been conducted 
on highly selected ‘stable’ groups of asthmatic 
patients.”® If two procedures are to be com- 
pared for their diagnostic potential, it is impera- 
tive that the studies be undertaken in the popu- 
lation in which the discriminant test is to be 
used. 

In the present study we have assessed the 
relationship of increased bronchial reactivity to 
exercise and to methacholine challenge in a 
group of 7-8 year old children with recurrent 
respiratory symptoms who were identified from 
a normal population by questionnaire. In this 
way the subjects were chosen so that they best 
represented the clinician’s dilemma—children 
who had respiratory symptoms that might or 
might not be caused by asthma. Tests of airway 
responsiveness to both exercise and methacho- 
line were done to see if there was any association 
between them in children with symptoms. In 
addition, we examined the influence of atopy on 
the two indices of airway responsiveness in 
these children. 


Subjects and methods 
SELECTION OF SUBJECTS 
As part of a larger epidemiological study, the 
families of all 7 and 8 year old children reg- 
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istered on the lists of 86 local general practition- 
ers were sent a questionnaire about respiratory 
symptoms. The relevant questions were: 

e Has your child had an attack of wheezing at 
any time during the last 12 months? 

e In the last 12 months, has your child seemed 
to cough more (or to get more coughs) than 
other children? 

@ In the last 12 months, has your child woken 
at night coughing for three or more consecutive 
nights (apart from during the first five days of a 
cold)? 

A randomly selected sample of the symp- 
tomatic subjects was invited to join this study. 
The families were approached by telephone, or 
by a letter that included a reply slip and postage 
paid envelope. Reminder letters were sent after 
four weeks if no reply had been received. The 
study was approved by the Southampton hospi- 
tals and university ethics committee. 


METHODS 

Appointments were made for the families to 
attend the laboratory at the same time of day on 
two consecutive days. All appointments were 
outside school hours at times convenient for the 
families. On arrival the parent of each child was 
asked if they thought their child had asthma, 
whether their general practitioner had ever 
diagnosed asthma, and if their child was cur- 
rently receiving any antiasthma medication. If 
the answer to the first or second and third ques- 
tions was ‘yes’, the child was accepted as having 
asthma. 

Each child underwent three investigations: 

(1) Allergen skin prick testing 

A drug history was taken to ensure that no child 
was using any preparation that might interfere 
with a response. Skin prick tests to histamine (1 
mg/ml), saline, Dermatophagoides pteronyssinus, 
mixed grass pollens, and cat fur (Bencard) were 
carried out. Standardised 1 mm spring loaded 
lancets were used to break the skin. Extracts 
were blotted after one minute, and the max- 
imum diameter of the resulting weals was mea- 
sured after 10 minutes. A weal 2 mm in dia- 
meter or more to one or more of the three com- 
mon allergens was taken as a positive response. 
In addition all children were required to have a 
negative response to saline and a positive 
response to histamine. 

On completing the skin tests, the first 30 chil- 
dren with positive reactions and the first 30 with 
negative reactions went on to be challenged with 
exercise and with methacholine. Of these 60 
children 24 were diagnosed as having asthma; 
all 24 receiving ß, adrenoceptor agonists, 21 by 
inhalation and three orally. In addition, three of 
the asthmatic children were receiving sodium 
cromoglycate, two were inhaling corticoster- 
oids, and one was taking theophylline orally. 

The two bronchial provocation tests were 
done in random order so that half the subjects 
underwent methacholine challenge first, and 
the other half had the exercise challenge first. 
The two tests were done on consecutive days at 
the same time of day by the same investigator. 


(ii) Methacholine bronchial challenge 
Children were asked not to use their ß, adreno- 
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ceptor agonists for six hours before each test. 
All other medication was withheld for 24 hours. 

Methacholine challenge was done by the 
method described by Yan et al.? The method 
was modified in the following ways: De Vilbiss 
40 hand held glass nebulisers with known con- 
sistent outputs were selected by measuring the 
outputs of 10 nebulisers containing 1 ml 0-9% 
sodium chloride by weighing them before and 
after 10 activations; this was repeated 10 times. 
For each nebuliser the mean output and the 
coefficient of variation was calculated. The five 
nebulisers with the smallest coefficients were 
used in the subsequent challenges. 

Solutions of methacholine in 0°9% sodium 
chloride were made up for each nebuliser taking 
into account the mean output of each instru- 
ment so that the first delivered exactly 0:025 
umol, the second 0-1 umol, the third 0'4 umol, 
and the fourth 0:8 mol/activation. The 
remaining nebuliser was used to give 0:9% 
sodium chloride.: 

At the first visit, forced expiratory volume in 
one second (FEV,) was measured to obtain two 
baseline readings within 100 ml of each other. If 
these exceeded 60% of the predicted for height 
and age, the challenged proceeded. The chil- 
dren were instructed in the use of the nebulis- 
ers. Once the investigator was satisfied that the 
child could carry out the procedure correctly, 
two puffs of saline were given and the FEV, was 
measured one minute later. Provided that the 
child’s FEV, did not fall by more than 10% of 
the baseline value, the procedure was repeated 
using incremental doubling doses of methacho- 
line from 0°025 umol to 6°4 umol, until either 
the FEV, fell by more than 20% of the baseline 
value, or the final dose was reached. The per- 
centage fall in FEV, measured after the saline 
had been given was plotted against the cumula- 
tive dose of methacholine on a log scale. The 
dose of methacholine that caused a 20% fall in 
FEV, (PD;o) was derived from linear interpola- 
tion of the last two points. For subjects in whom 
they lay between 6°4 and 12:8 umol, PD; 
values were calculated by extrapolation. On 
completing the challenge, 100 ug of salbutamol 
was given by inhalation from a spacer device to 
restore airway calibre. 


(111) Exercise challenge 

Children were allowed to proceed to exercise 
challenge if their FEV, was more than 60% of 
the predicted normal. The exercise challenge 
comprised treadmill running on a Powerjog 
treadmill (Sport Engineering), which was prog- 
rammed to operate at a speed of 4.8 kph and a 
gradient of 15°. The children exercised for six 
minutes. Their heart rates were measured with 
a three electrode yoke and cardiorater (Cardiac 
Recorders Ltd) to ensure that all subjects exer- 
cised to 90% of their age predicted maximum 
heart rate. Temperature in the exercise labora- 
tory was kept between 22 and 24°C. On comple- 
tion of the exercise FEV, was measured at 3, 5, 
and 10 minutes. Salbutamol 100 ug was then 
given by a spacer device. The airways response 
to exercise was plotted as the percentage fall in 
FEV, from baseline against time, and the max- 
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imum fall within the 10 minute period was used 
for analysis. 


STATISTICAL METHODS 

The number required to give a correlation coef- 
ficient of 0°5 at the 5% level of significance was 
calculated. Thirty pairs of observations were 
shown to be adequate to do this with 80% 
power. 

. Because of the need to include censored 
values, and the skewed distribution of the 
values for the non-atopic subjects, non- 
parametric tests were used throughout. Spear- 
man’s rank correlation was used to examine the 
association between methacholine and exercise 
challenges separately for the atopic and the non- 
atopic children. In addition, the association 
between a positive methacholine challenge 
(PD, <6°4 umol) and a positive exercise chal- 
lenge (maximum fall in FEV, after exercise 
<15%) was examined and odds ratios were cal- 
culated. These arbitrary cut off points were cho- 
sen because they were most commonly used by 
other workers.'*!* The specificity and sensitiv- 
ity of each of the two challenges for detecting 
asthma were calculated. The Mann-Whitney U 
test was used to compared the responses of the 
atopic and non-atopic children for each chal- 
lenge. 95% Confidence intervals (CI) were calu- 
lated where appropriate. 


Results 
Of those initially approached, 89% of parents 
allowed their children to be investigated. Two 
children were unable to do technically adequate 
FEV, tests; they were both small girls, who 
reached their forced vital capacity in less than 
one second, and so were excluded from further 
testing. 

The results were analysed for 30 atopic and 


30 non-atopic children, all of whom completed : 


both challenge tests. The ratio of boys to girls 
between the atopic and non-atopic groups was 
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Figure 1 Response of atopic and non-atopic subjects to methacholine. 
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5:1 and 1:1:3, respectively. The excess of boys 
in the atopic group was a result of the increased 
interest in sport among boys of this age com- 
pared with girls; the initial approach stressed 
the exercise content of the study, and boys were 
not only more likely to have had exercise 
induced bronchospasm because of their regular 
participation in team sports, but were also more 
willing to do the required tests. In addition, the 
increased proportion of boys in this study 
reflects the increased incidence of respiratory 
symptoms and asthma in this age group. 


METHACHOLINE PROVOCATION 

The atopic subjects were significantly more 
responsive to inhaled methacholine than those 
who had negative skin tests (fig 1). Of the 30 
atopic children, only three had a PD >6°4 
umol, compared with 20 of those who were non- 
atopic. The median PD.) for the atopic group 
was 0°55 umol whereas that for the non-atopic 
group was >12°8 umol, the difference being 
highly significant (p<0-001). The odds ratios 
for the association between atopy and a positive 
methacholine challenge was 13°5 (p<0'001, 
95% CI 3°3 to 54:7). 


EXERCISE PROVOCATION 
The atopic children also showed a greater 
response to exercise than those who were non- 
atopic (fig 2). Ten of the 30 atopic children 
achieved a fall in FEV, of >15% after exercise 
compared with only four of those who were 
non-atopic. The median fall in FEV, was 9:9% 
for the atopic children and 4°8% for the non- 
atopic children, the difference being significant 
(p=0:02, 95% CI 1'3 to 14:2). The odds ratio 
for the association between atopy and a positive 
exercise challenge was 3:3 (p=0°13, 95% CI 0°9 
to 11:9). ; 
Of the 24 subjects with diagnosed asthma, 21 
were atopic and the odds ratio for the associa- 
tion between atopy and asthma was 21-0 
(p<0:001, 95% CI 5:0 to 87:4). Twenty 
achieved a PD;, of methacholine of <6°4 pmol 
(fig 3). Of these, seven responded to exercise 
with a >15% fall in FEV,. No asthmatic child 


BB Atopic subjects 
Non--atopic subjects 





No of subjects 





© © © 


ag g 


~ 


% 
el 
Fall in FEV, after exercise (%} 


Figure 2 Response of atopic and non-atopic subjects to 
exercise. 
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Figure3 Maximum percentage fall in FEV , after exercise 
plotted against PD 29 methacholine (mol) for atopic and 


‘non-atopic subjects divided according to whether or not they 


had asthma. 


responded to exercise alone. Of the 36 remain- 
ing subjects, 19 achieved a PD.) of methacho- 
line of <6°4 umol, and of these, three also 
responded to exercise. In this group, four chil- 
dren responded to exercise alone with a >15% 
fall in FEV,. The sensitivity of methacholine 
challenge was 83% and the specificity 47%. The 
sensitivity of exercise challenge was 29% and 
the specificity 81%. 


ASSOCIATION BETWEEN METHACHOLINE AND 
EXERCISE CHALLENGE 

Figure 3 shows the association between the 
results of exercise and methacholine challenge 
testing. When testing the association between 
exercise and methacholine, the Spearman rank 
correlation gave r,=0°04 (p=0°84) for the atopic 
group and r,=0:26 (p=0-17) for the non-atopic 
group. Thus in neither group was there evi- 
dence to support the existence of an association 
significant at the 5% level. These results were 
supported by calculation of odds ratios for indi- 
vidual subjects who had both positive exercise 
and methacholine challenges; the odds ratio for 
the atopic group was 1-0 (95% CI 0-1 to 12°6) 
and for the non-atopic group 1°6 (95% CI 0°2 to 
13-2). 


Discussion 

In a group of children with recurrent respira- 
tory symptoms we could find no significant cor- 
relation at the 5% level between the response of 
the bronchi either to inhaled methacholine or to 
exercise, although the children with positive 
skin tests were significantly more sensitive to 
both stimull. 

This does not support the findings of other 
studies, which have shown an association 
between the results of the two challenges.® 8 
Previous studies, however, have studied groups 
with stable mild or moderate asthma and nor- 
mal subjects. The group of children that we 
have studied consisted of subjects with symp- 
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toms, but they were not preselected because of a 
diagnosis of asthma. 

We made every attempt to exclude as many 
factors as possible that might have a confound- 
ing influence on the testing procedure. All test- 
ing was performed by the same investigator; the 
order of the two challenge procedures was ran- 
domised; the two tests were done at the same 
time of day to avoid any circadian effect on 
bronchial reactivity, and on consecutive days to 
minimise the effect of any changes resulting 
from exposure to allergens or viral infection; all 
testing was done before the pollen season; and 
measures were taken to ensure maximum effort 
in carrying out the FEV,—readings were re- 
peated until two technically adequate record- 
ings within 100 mi of one another were 
obtained. 

In common with other published reports on 
exercise challenge a single period of exercise was 
undertaken.”” This was in contrast to the way 
in which methacholine was given; we chose to 
give it in cumulative, incremental doses, as this 
is standard procedure in our department and we 
have done more than 2000 such challenges in 
young children without incident. An alternative 
would have been to predetermine the PD, of 
methacholine and then to have given that dose 
as a single inhalation, but airway responsiveness 
can vary significantly over short periods of time, 
and so for reasons of safety and to enable us to 
compare two methods of bronchial challenge in 
current use, we preferred to deliver cumulative 
doses of methacholine. 

A PD of <6°4 umol methacholine was 
regarded as representing a positive challenge. 
Although any level of airway responsiveness 
that is chosen to represent the cut off between 
‘normal’ and ‘abnormal’ in a group in which 
responsiveness to methacholine is a normally 
distributed phenomenon will of necessity be 
arbitrary, the definition of increased bronchial 
responsiveness used in this study (PD, <6°4 
umol) is widely used,'"” and our conclusions 
would not have differed if <12°8 umol had 
been taken as the cut off point. 

The standardisation of exercise challenge is 
not easy. In this study we ensured that the 
degree of exercise was enough to cause an 
increase in heart rate to >90% of the age pre- 
dicted maximum in all subjects. Pulmonary 
function testing was not done during exercise as 
the use of a mouthpiece and nose clip was 
unacceptable to the children. Though these are 
regarded as standard in exercise challenge tests 
in adults—both to ensure mouth breathing and 
to allow investigation of the expired gases—this 
is not the case in paediatric practice. A review of 
the other studies available!'”'* showed that 
none had used nose clips; that various types of 
exercise were used that are inferior to treadmill 
running!® |! 13; and though most ensured that 
heart rate did increase to a preselected percen- 
tage of the age predicted maximum at some time 
during exercise,'?"!* some failed to monitor 
heart rate in half!® or all’! subjects. Warm air 
represents a less potent stimulus to the bron- 
chial tree than cold air, and the temperature in 
our exercise laboratory was 22-24°C. This may 
explain our relatively low incidence of exercise 
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induced bronchospasm compared with the 
63-71% found in other studies done on children 
of similar age. This finding might, however, be 
a reflection of selection; children selected from a 
community based survey are likely to have less 
severe symptoms than those attending hospital. 

Exercise induced bronchospasm is not an 
invariable feature of asthma, nor is it exclusive 
to asthma. It can occur in conjunction with cys- 
tic fibrosis, with a history of previous 
asthma,!® and in normal subjects.!! 1? Konig 
and Godfrey have, however, shown that there is 
an increased prevalence in the relatives of 
asthmatic subjects,” '® and a higher concord- 
ance between pairs of monozygotic twins com- 
pared with dizygotic twins.'” This suggests that 
it is an inherited phenomenon, and is inherited 
independently of atopy. In view of the estab- 
lished genetic association between atopy and 
asthma,”° and that between asthma and exercise 
induced bronchospasm, it is not surprising that 
it was over three times more common in atopic 
than in non-atopic children. The question is 
therefore: what disease is causing the broncho- 
spasm, the reaction to methacholine and the 
respiratory symptoms in the non-atopic chil- 
dren? Asthma is a clinical syndrome, and as 
such may represent a range of diseases with dif- 
ferent causes. Within that range there may be a 
subgroup of children without atopy who 
demonstrate symptoms only when provoked by 
specific stimuli such as viral respiratory tract 
infections.?! It has been suggested that children 
with such symptoms may lose them as they 
become older because atopy is necessary for 
symptoms to persist into adult life. Although 
viral respiratory infections may be the primary 
stimulus in these children, they may also be 
more susceptible to other respiratory stimuli, 
both specific and non-specific. 

We have failed to show a significant associa- 
tion between exercise induced and methacho- 
line responsiveness, both when the complete 
data were examined, and when ‘positive’ 
responses alone were analysed. This might have 
been because of the heterogeneity of the study 
group and, indeed, the studies that have shown 
such an association have usually preselected 
their subjects. The relatively poor reproducibil- 
ity of exercise challenge testing may also be a 
contributory factor.” 

An alternative explanation lies in the mode of 
action of the stimuli used, as different stimuli 
may act through different bronchoconstricting 
mechanisms. Pauwels et al have suggested that 
the term ‘non-specific? when applied to 
increased bronchial responsiveness is no longer 
adequate to cover both the pharmacological and 
the physical stimuli that can result in an 
increased, bronchoconstrictor response of the 
airways.” They suggested that a distinction 
should be made between those non-specific sti- 
muli that act directly on the smooth muscle, of 
the airways and those that affect structures 
other than the smooth muscle, such as mast 
cells and neurones. The examples they cited 
were exercise, adenosine, and neurokinin A, 
and they suggested that these types of stimuli 
should be designated ‘direct’ and ‘indirect’. 
Testing with both types of stimuli might 
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perhaps be of use in clinical practice, but the 
results of such testing must be interpreted in the 
light of the increasing evidence of their lack of 
specificity in diagnosing asthma. It could be 
argued that exercise testing should be preferred 
to chemical stimuli because of its environmental 
relevance. 

These results emphasise that exercise induced 
bronchospasm is not simply an index of non- 
specific bronchial responsiveness. Asthma is a 
complex group of heterogeneous diseases, and 
care must be taken when interpreting the 
results of studies in which the subjects were 
selected to represent a single facet of the dis- 
ease. Using different stimuli to challenge the 
airways will supply different answers, and as 
Pauwels et al suggest, the use of both ‘direct’ 
and ‘indirect’ stimuli in longitudinal epide- 
miological studies of bronchial responsiveness 
will shed more light on both the pathogenesis of 
asthma and the relevance of bronchial respon- 
siveness. 
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Abstract | 

The effect of low birth weight on the inci- 
dence of asthma by 17 years of age was inves- 
tigated by studying medical draft examination 
records of 20 312 male subjects born in Jeru- 
salem between January 1967 and December 
1971. Additional information on birth weight 
and other demographic factors was abstracted 
from the Jerusalem Perinatal Study comput- 
erised database. A stepwise multiple logistic 
regression was used to estimate the odds 
ratios for developing asthma by 17 years of 
age in 500 g birthweight categories from 
<2000 g to 4500 g. The odds ratios were 
adjusted for the confounding effects of ethnic 
origin, social class (determined by area of 
residence), paternal education, maternal age, 
and birth order. The group with low birth 
weights (<2500 g, n=1004) had a significantly 
increased risk of developing asthma by 17 
years of age, with an adjusted odds ratio of 
1-44 (95% confidence interval (CI) 0-79 to 
2-66) for birthweight group <2000 g and 1-49 
(95% CI 1-05 to 2-12) for birthweight group 
2000-2499 g compared with the reference 
group of 3000-3499 g. 

We conclude that infants with birth weights 
of <2500 g may have a higher risk of asthma 
during childhood and adolescence than 
infants who were heavier at birth. 


Advances in neonatal intensive care have greatly 
improved the survival of low birthweight 
(LBW) infants, but they still have a high risk of 
handicaps.! ? Currently little is known about 
the long term respiratory outcome of LBW 
infants. Chan et al reported a close association 
between low birth weight and poor airway 
function,” and troublesome cough at 7 years of 
age. 

The aim of this study was to evaluate the 
influence of low birth weight on the incidence of 
asthma during childhood and adolescence. The 
possible effects of social, ethnic, and environ- 
mental factors were taken into account. 


Subjects and methods 

The computerised records of the medical exami- 
nations of 20 312 male recruits to the Israeli 
army who were born in Jerusalem between 1964 
and 1971 were reviewed to establish the inci- 
dence of asthma. Each subject had been asked 
specifically whether he had ever been diagnosed 
as having asthma and whether he had ever 
had recurrent wheezing, nocturnal coughing, 
or coughing or wheezing after exertion 


(I Auerbach, C Springer, S Godfrey, personal 
communication). All those with any symptoms 
that could have been indicative of past or pre- 
sent asthma were referred for a second examina- 
tion by a pulmonologist. This examination 
included a further detailed history, physical 
examination, and spirometry while at rest. An 
exercise test was done during the latter period of 
our study in all subjects except those who had 
overt signs of obstruction on spirometry. The 
specific information about lung function infor- 
mation is not available, however, as the com- 
puterised data included only the final diagnosis. 

Asthma was diagnosed only in cases with 
clear medical evidence of past or present bronc- 
hial disease, as opposed to episodic attacks. 
Birth weights recorded at the time of delivery 
were obtained from the computerised files of 
the Jerusalem Perinatal Study.’ Detailed 
demographic data were available from the com- 
puterised records of the military draft medical 
examination.’ The data for each individual were 
matched using a seven digit identification 
number. The completeness of the match was 
confirmed by comparing maternal identity 
numbers. 

A stepwise multiple logistic regression analy- 
sis was done with the Logist procedure of the 
SAS software to adjust for the effect of the stu- 
died independent variables.’ Asthma was used 
as the dependent variable. The independent 
variables were birth weight (in 500 g categories 
from <2000 g-4500 g), ethnic origin (according 
to paternal country of birth), area of residence 
(classified by municipal tax level),° maternal age 
(as a continuous variable), paternal educational 
attainment (years of schooling) and birth order 
(categorised to avoid dubious assumptions 
about linearity). All variables that were signifi- 
cant (p<0°05) were added to a model that con- 
tained the birth weight variable at the first step. 

The results of the logistic regressions are pre- 
sented as adjusted odds ratios with their 95% 
confidence intervals (CI). The estimates pre- 
sented are based on the exclusion of cases with 
missing values (1°9%). 


Results 

The overall incidence of asthma in our study 
population at 17 years of age was 3°7%. Subjects 
whose birth weight was between 2000-2499 g 
had a significantly higher incidence of asthma. 
Other factors that were associated with a signifi- 
cantly increased risk of asthma included Euro- 
pean or North American ethnic origin, being 
the first born, and having a well educated father 
(table 1). There was a significantly lower inci- 
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dence of asthma among subjects who were of 
Asian origin, who were high in the birth order, 
and whose fathers were less well educated (table 
1). Obesity and area of residence were not 
related to the incidence of asthma. 

To estimate the risk of asthma associated with 
birth weight a multiple logistic regression analy- 
sis was used to control for the effects of con- 
founding variables. All the variables listed in 
table 1 were analysed. The final model reached 
by the stepwise procedure included the birth 
weight variable and four confounding variables: 
birth order, paternal education, maternal age, 
and ethnic origin. Logistic analysis of these data 
confirmed that there was a highly significantly 
increased risk of asthma at 17 years of age for 
those with birth weights of less than 2500 g 
(table 2). 


Table 1 Distribution of population characteristics and 
incidence of asthma at 17 years of age among 20 312 male 
subjects born in Jerusalem, 1967-71 


Population | Percentage Percentage 
characteristics of total with 


population asthma 


pe onpm (paternal country of BETIE 


srae 4 3:3 
Asia 33. 3 27° 
Africa 23°5 3-3 
Europe or North America 28-3 4-8* 

Paternal educational attainment (years of ee. 
<8 37-2 2:7* 
8-12 38-7 4-1* 
> 12 24:1 5-1 
Birth order: 

H 282 5:0* 
2 23-3 3:9 
3-4 26°8 3-4 
=5 21:7 2-0* 

Area ofresidence (municipal tax level): 
High 26-3 41 
Medium 33-8 40 
Low 39-9 30 
Birth weight (g): 
<2000 Ir] 5°8 
2000-2499 3-6 5-3** 
2500-2999 16°3 41 
3000-3499 41-2 3°6 
3500-3999 28-8 3-4 
4000-4499 78 3-5 
>4500 12 3:9 
Body mass index (kg/m?): 
>24°6 10-2 42 
=24°6 89-8 3-6 
Total 100 3:7 


*p<0°001; **p<0-01 (5? test). 
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Discussion 

The present study is the first to our knowledge 
that examines the incidence of asthma in asso- 
ciation with birth weight in a large population 
for a period of 17 years. Low birth weight was 
associated with asthma diagnosed up to 17 years 
of age. Such an association has been suggested 
previously,” and the need for long term 
follow up was stressed.!® Most previous studies 
have shown that small groups of infants who sur- 
vive specific neonatal respiratory complications 
and treatments, including bronchopulmonary 
dysplasia,!! '? hyaline membrane disease,!*!? 
or artificial ventilation have reduced airway 
function.!*!? In some studies, however, 
impairment in lung function has been observed 
in healthy LBW infants as well.”° Furthermore, 
long term follow up studies extending to school 
age have shown that abnormal lung function is 
not unusual among LBW children. * 718 21 
The association between low birth weight and 
poor airway function is independent of neonatal 
respiratory illness, oxygen treatment, or mecha- 
nical ventilation.* * Perinatal factors, including 
the amount of respiratory support, were found 
to make only a small contribution to the reduc- 
tion in airway function found in children of low 
birth weight at the ages of 7°? and 9” years. 

A number of possible explanations for the 
link between low birth weight and asthma have 
been proposed. The reduced airway function 
has been attributed to constitutional factors, 
prematurity itself, or other undetermined 
factors.” The airway hyperactivity found at 7 
and 12 years of age in prematurely born chil- 
dren without neonatal lung disease, led Ber- 
trand et al to speculate that unexplained prema- 
ture labour may share a common pathway with 
airway lability.” In the present study we could 
not take into account the family history of 
asthma. Chan et al, in a prospective study on a 
cohort of 7 year old children of low birth 
weight, found an increased prevalence of airway 
responsiveness to histamine that was signifi- 
cantly related to a history of asthma in 
siblings,” but they were unable to confirm the 
hypothesis that maternal smooth muscle irrita- 


Table 2 Adjusted odds ratios for asthma at 17 years of age by birth weight, ethnic origin, area of residence, maternal age, 
paternal education, and birth order for 20 312 male subjects born in Jerusalem, 1964-71 


Variable No of subjects 
Birth weight (g): 
<2000 223 
2000-2499 781 
2500-2999 3311 
3000-3499* 8369 
3500-3999 5160 
4000-4499 1584 
>4500 244 
Birth order: 
I 5727 
2” 4733 
3-4 5444 
=5 4408 
Paternal education (years): 
<8 7556 
8-12* 7861 
>12 4895 
Ethnic origin: 
Israel* 3027 
Asia 6764 
Africa 4773 
Europe or North America 5748 


*Reference group; tvariable not significant in the final logistic model. 


Adjusted odds ratios 95% confidence 
intervals 

1-44 (0°79 to 2°62) 

1°49 (p<0°001) (1-05 to 2°12) 

1-09 (0°89 to 1°35) 

1:00 

0-97 (0°81 to 1°17) 

lil (0°83 to 1-49) 

1:30 (0°73 to 2°67) 

4 2 (p<0-001) (0°59 to 0-89) 

0°58 (p<0-001) (0°47 to 0°73) 

0°33 (p<0°001) (0°24 to 0°45) 

+ 

1-00 

1°33 (p<0-001) (1-13 to 1°58) 

1:00 

ia (p<0-05) 0°66 to 0°99) 
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bility (uterine and bronchial) has a causative 
role in either the premature labour or in the 
subsequent airway hyper-responsiveness in the 
prematurely born infants. 

The excess risk of asthma may also be the 
outcome of acute lower respiratory tract infec- 
tions in infancy including bronchitis, bron- 
chiolitis and pneumonia,?°?® which are known 
to be more common among LBW children.” 
Asthma has also been related to other diseases 
of infancy including throat or ear infections, 
eczema, and allergic rhinitis,” all reported 
more frequently among LBW infants.*° 

Area of residence, social class, and family size 
are associated with a history of upper’! and 
lower” respiratory tract infections. Because 
the incidence LBW infants is increased among 
families in low socioeconomic groups, *” poor 
environmental conditions may explain the 
observed link between LBW and asthma in 
childhood and adolescence. It is interesting to 
note that while Burr found that having more 
siblings increased the likelihood of prolonged 
colds, and of wheeze and nasal discharge.*® 
Strachan showed a strong inverse relationship 
between hay fever and the number of children 
in the household at the age of 11.7? The present 
results show a decreased risk of asthma for chil- 
dren of high birth order, which accords with the 
atopic nature of the disease. The higher inci- 
dence of asthma in smaller households may be a 
possible explanation for the current increase in 
the prevelance of asthma.® 38 79 

Maternal smoking in pregnancy is a major 
determinant of birth weight,?® * and its 
intrauterine effects may be related to lower 
respiratory tract illness in early life.*! Furth- 
ermore, LBW infants affected by maternal and 


environmental (passive) smoking antenatally: 


are more likely to be exposed to tobacco smoke 
during childhood.”” This may lead to an 
increased incidence of respiratory illness** and 
aggravation of asthma.?® ** ® Data on the inci- 
dence of smoking among our sample was not 
available, but as adolescents born to mothers 
that smoke are more prone to do so themselves, 
they are also more likely to have been born with 
a lower birth weight and subsequently to have 
bronchial disease as a result of their smoking. 
Smoking by both the mothers and the subjects 
themselves may thus confound the association 
between low birth weight and asthma. 

Birth weight could not be corrected for gesta- 
tional age in the present sample, so it was not 
possible to find out if the increased risk of 
asthma was related to intrauterine growth retar- 
dation or immaturity. Nevertheless, low birth 
weight remains an important indicator of neona- 
tal outcome. 

In the present study, a large population from 
a geographically defined area was evaluated. 
The results may thus reflect the later effect of 
low birth weight on pulmonary function in rela- 
tion to the incidence in our population. Popula- 
tion studies are important, as estimates of the 
incidence of asthma in childhood vary widely as 
a result of the different diagnostic labels 
given.* * Our findings indicate that LBW 
infants have an increased risk of asthma in 
childhood and adolescence. Further research is 
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necessary to improve our understanding of the 
factors that predispose low birthweight infants 
to asthma in later life. 
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The ‘ban it’ lobby are at it again, I see. Their target this time is toy 
balloons. Children sometimes inhale them, as they inhale many 
other things. A paper from Alberta (Ryan et al, American Journal 
of Diseases of Children 1990;144:1221-4) documents four deaths in 
Canada between 1983 and 1988. In the United States there were 
121 childhood deaths from balloon inhalation between 1973 and 
1988. The authors comment that ‘protective efforts should be 
directed to a ban on this type of balloon’. 

Most children who choke do so on food. Of those who choke on 
other things 90% do so on household articles, such as nails or 
bolts, and the remaining 10% inhale toys or other ‘children’s pro- 
ducts’. Of this 10%, 43% involves balloons. Balloons are therefore 
‘the leading cause of paediatric choking deaths from children’s 
products’. 

Of course, if you go on subcategorising long enough almost any- 
thing can be shown to be the leading cause of something or other. 
Most of the road deaths in Britain not involving British, French, 
German, Swedish, or Italian cars probably involve Japanese cars 
which should, of course, therefore be banned. 

I am 200% in favour of preventing childhood accidents but con- 
sider the pleasure given to so many children (and adults) by toy 
balloons. It is not possible to ban everything a child might put into 
his mouth or choke on. By all means let’s educate people, chil- 
dren, and adults. Children choke; be careful. Don’t leave things 
around or let them play with things they might choke on. Be care- 
ful with balloons; be careful with marbles; be careful with boiled 
sweets. Be careful, be careful, please be careful. But ban balloons? 
Must we? 
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Abstract 
Fifty one children with IgA nephropathy veri- 
fied at biopsy have been followed up clinically 
and functionally for 0-4-16-8 years from the 
onset of symptoms. Renal function was evalu- 
ated by determining the glomerular filtration 
rate (GFR) and effective renal plasma flow 
(ERPF) from the clearances of inulin and 
para-aminohippuric acid. Fifteen (29%) of the 
children had raised serum creatinine concen- 
trations at the onset. Mean GFR was signifi- 
cantly lower than that of controls at the first 
investigation. During the follow up GFR and 
ERPF decreased and were significantly lower 
than in the controls after eight years of 
disease. The significant fall in renal function 
was found in children with proteinuria and 
especially in boys, in whom GFR and ERPF 
decreased from a mean (SEM) of 117 (5) and 
616 (31) at 2-8 years to 97 (6) and 509 (36) 
ml/min/1-73 m? at 7-5 years. Patients with 
raised serum creatinine concentrations at the 
onset had significantly lower GFRs, and 
patients with macroscopic haematuria at this 
time did not show decreased renal function at 
follow up. 

In conclusion, children with IgA nephro- 


‘pathy do not seem to have a benign clinical 


course. Boys with proteinuria show a signifi- 
cant decrease in renal function during follow 


up. 


IgA nephropathy was once regarded as a benign 
kidney disease, especially in childhood.? It is 
now apparent that a certain percentage of cases 
progress to renal failure.*!! Early onset of 
disease is considered a benign sign,’ '? !* while 
proteinuria is claimed to be a marker of poor 
prognosis.® 1° 111415 It has also been shown 
that males generally have a poorer prognosis 
than females.!° 1? 16 7 There are few long term 
follow up studies of juvenile IgA nephropathy, 
particularly regarding renal function.) '*?° 
Most of these studies find no persistent reduc- 
tion of glomerular filtration rate (GFR). Thus 
Michalk et al concluded that a permanent 
decrease in renal function seems to be exceptio- 
nal during childhood.!? The observation 
periods in all these series were short so Michalk 
et al conclude that prospective long term studies 
with regular clearance measurements are neces- 
sary for a better evaluation of the prognoses of 
children with IgA nephropathy. Thus the aim 
of the present study was to follow up renal func- 
tion regularly in a group of patients with IgA 
nephropathy that has been verified by biopsy 
with an onset of disease during childhood and 
to relate functional changes with clinical 
symptoms. 


Patients and methods 

Renal function was examined in 51 children (30 
boys and 21 girls), 3-18 (median 13) years of age 
when first functionally investigated, who had 
IgA nephropathy verified at biopsy and who 
had no signs of systemic diseases such as syste- 
mic lupus erythematosus, Henoch-Schönlein 
purpura, or liver disease. Renal function was 
evaluated regularly at intervals of about two to 
three years based on the GFR and effective 
renal plasma flow (ERPF). All renal function 
tests were peformed with the patients in stable 
condition without signs of current infection. 
The follow up period from the first appearance 
of symptoms ranged between 0°4 and 16°8 years 
with a mean of 6°5 years. Twelve patients were 
followed for more than 10 years from the onset 
of symptoms. 

GFR and ERPF were determined from the 
clearances of inulin and para-aminohippuric 
acid during water diuresis, using a standard 
clearance technique including continuous infu- 
sions of inulin and para-aminohippuric acid 
after a priming dose.*! Four 30 minute urine 
samples were collected by spontaneous voiding 
and the clearance values presented are the 
means of the four clearance periods. 

Patients with proteinuria are those who show 
proteinuria on several occasions when in stable 
condition in between acute infections. As the 
investigation has been done during a 10 year 
period, the determinations of small amounts of 
albumin in urine was not performed during the 
first years. Proteinuria is therefore defined as a 
positive Albustix (Ames) test or urine albumin/ 
creatinine ratio >10 (mg/mmol) in short term 
urine samples collected in the morning at 74 of 
the 134 renal function tests. 

Inulin in blood and urine was analysed by the 
anthrone method?* and para-aminohippuric 
acid by a modified technique of Smith et al.” 
Urine albumin concentration was determined 
by an automated immunonephelometric 
method (Behring Nephelometer Analyser). 

The results were compared by means of the 


Mann-Whitney non-parametric test and paired ¢ . 


test and the results are presented as mean 
(SEM). The renal haemodynamic data are com- 
pared with those of 36 healthy children (16 boys 
and 20 girls), 3°5-20°5 (median 12:5) years of 
age. 


Results 

CLINICAL PRESENTATION 

Figure 1 shows the distribution of patients with 
IgA nephropathy by age and sex at clinical pre- 
sentation. The first symptoms were discovered 
at a significantly earlier age in girls than boys 
(7-1 (0°8) compared with 10:7 (0*6) years). 
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Figure] Age at onset and sex distribution for all children 
studied. 


Fifteen (29%) out of 51 patients (nine boys, 
six girls) showed increased serum creatinine 
concentrations at the onset of the first symp- 
toms. When these 15 children were first investi- 
gated with renal function tests, the GFR of five 
of them had already returned to normal, while 
the rest still had significantly (p<0-001) 
reduced GFR, ERPF, and filtration fraction 
(with means of 79 (5), 522 (21) ml/min/1-73 m? 
and 15-3 (1-1) %) in comparison with controls 
(119 (2), 627 (14) ml/min/1-73 m? and 19-2 (0-4) 
%). The GFR of five of these 10 patients 
returned to normal within two to four years 
while four (one patient has only been studied 
once) showed further decreases in their GFR 
during the follow up. One 5 year old girl who 
had a nephrotic syndrome at the onset of the 
disease progressed to terminal renal failure with 
GFRs of 66, 32, and 13 ml/min/1-73 m? at 1-4, 
2'1, and 2°4 years from the onset. This girl 
received a renal transplant 2-6 years after the 
onset of the disease. The other three patients all 
had persistent proteinuria. 

Macroscopic haematuria as a first sign of the 
disease was found in 22 (43%) of the 51 chil- 
dren, and significantly (p<0°05) more often 
among boys (17/30, 57%) than among girls (5/ 
21, 24%). In later episodes 38 of the 51 patients 
(75%), 24 boys (80%) and 14 girls (67%), 
showed macroscopic haematuria. 
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Table] Renal haemodynamic data on the 51 children with 
IgA nephropathy at the first investigation in comparison with 
36 healthy children (controls). Results are mean (SEM) 


IgA Controls 
nephropathy (n=36) 
(n=5]) 
GFR (ml/min/1'73 m?) 108 (3)* 119 (2) 
ERPF (ml/min/1-73 m?) 602 (15) 627 (14) 
Filtration fraction (%) 18-3 (0°5) 19-2 (0°4) 


*Indicates significant (p<0-05) difference between the groups. 


Hypertension did not occur at the onset in 
any child, but three children developed hyper- 
tension during follow up. All three of these chil- 
dren had reduced renal function at the onset, 
the girl with the nephrotic syndrome at the 
onset and two other boys with proteinuria as 
well. The disease progressed in all three during 
follow up, and in the girl to terminal renal fai- 
lure. | 

Serum IgA concentration was determined in 
49 children. Twenty three (47%; 57% of the 
boys and 33% of the girls) of these children had 
values above the normal for their ages. 


RENAL HAEMODYNAMICS 
Table 1 shows the mean GFR, ERPF, and fil- 
tration fraction of the whole group in compari- 
son with 36 healthy controls. The first renal 
function test selected here does not include the 
very first test performed in the patients with 
reduced GFRs when first investigated. In these 
patients the second investigation was chosen, 
when GFR had returned to normal or nearly 
normal. GFR was significantly decreased in the 
children with IgA nephropathy compared with 
the controls. ERPF and filtration fraction did 
not differ between the patients and the controls. 
Figure 2 shows the GFR and ERPF of all 
patients at different periods of time from the 
onset of disease. GFR during the first two years 
(111 (3) ml/min/l'73 m?) as well as after more 
than eight years’ duration of disease (107 (3) ml/ 
min/1'73 m7), was significantly lower than that 
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Figure2 (A)GFR and (B) ERPF in individual patients during follow up in different time periods from the onset of the 
disease. The stars above the symbols indicate significant differences calculated by the paired t test and the stars below the 
symbols indicate significant differences calculated with the non-parametric Mann-Whitney test; *p<0-05, **p<0-01, and 
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of controls. A significant fall (paired t test) in 
GFR was found from five to eight to more than 
eight years. ERPF did not differ significantly 
from that of controls during the first years but 
was significantly lower than that of controls 
after five years’ duration of disease. A signifi- 
cant decrease in ERPF, calculated by paired £ 
test, was seen from abot eight years’ duration of 
disease. Filtration fraction increased from the 
first two years to after five years’ duration of 
disease. 

Table 2 shows the first and last renal 
haemodynamic values for the 38 patients stu- 
died on more than one occasion. The first 
study was chosen when the initial reduction in 
renal function, found in some patients, had 
been overcome. GFR and ERPF decreased sig- 
nificantly during follow up to values signifi- 
cantly lower than those of controls. When the 
patients are grouped according to sex (table 2), 
boys show decreases in their GFR and ERPF to 
values significantly lower than those of controls. 
Girls, however, had a significantly lower GFR 
(113 ml/min/1-73 m?) than that of controls from 
the beginning, but did not decrease their GFR 
further during follow up. 

When the patients are grouped into those 
with and without proteinuria during follow up 
(table 2) and the nephrotic girl, whose condition 
progressed to terminal renal failure is excluded, 
the GFR and ERPF of those patients with pro- 
teinuria decreased significantly during follow 
up. Patients without proteinuria show no pro- 
gression and have a normal GFR and ERPF 
throughout the follow up period. After a further 
grouping of the patients according to sex as well 


Table 2 Renal haemodynamic data on the 38 patients 
investigated more than once (that is, 2~6 times). Results are 
mean (SEM) and for GFR and ERPF in ml/min/1-73 m? 


First 


Last 


investigation investigation 

All patients (n=38) 

Time from onset (years) 3-2 (05) 7°8 (0°6) 

GFR 114 (2)*** 105 ($SS 

ERPF 594 (16)** 542 (2 §§ 
Boys (n=22) 

Time from onset (years) 2-4 (0°5) 6'8 (0°7) 

GFR 117 (3)** 106 (4)§§§ 

ERPF 607 (20)* 551 (25)§§ 
Girls (n= 15)} 

Time from onset (years) 4-4 (0°38) 97 (LE 

GFR 113 (3)$ 109 (4)§§ 

ERPF 580 (26) 562 (21)§ 
Boys and girls with proteinuria 

(n=17)t 

GFR 115 (4)*** 100 (4)$$$ 

ERPF 604 (26)*** 519 (28)§§§ 
Boys and girls without proteinuria 

(n=20) 

GFR 116 (2) 114 (3)99 

ERPF 589 (19) 586 (171 
Boys with proteinuria (n=12) 

GFR 1170). 97 (6)§§§ 

ERPF 616 (31)*** 509 (36)§§§ 
Boys without proteinuria (n= 10) 

GFR 118 (4) 116 (3)9¢ 

ERPF 597 (24) 601 (27) 
Girls with proteinuria (n=5)} 

GFR 111 (7) 105 (6)§§ 

ERPF 577 (53) 543 (48)§ 
Girls without proteinuria (n= 10) 

GFR 114 (3) Lil (5)§ 

ERPF 581 (31) 571 (21) 


+The girl with the nephrotic syndrome excluded. 
{Significantly (p<0-05) different from the boys. 

*n<0-05, **p<0-01, ***p<0-001, difference between first and 
last investigation by paired ¢ test. 

§p<0°05, §§p<0-01, §§§p<6-001, significantly different from 
that of controls by paired ¢ test. 
{p<0:05, Y§p<0-01, significantly different from those with 
proteinuria by paired £ test. 
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Table3 Last renal haemodynamic data on the patients with 
an initially raised serum creatinine concentration in 
comparison with those with normal serum creatinine 
concentrations at the onset. Results are mean (SEM) 


Raised Normal 
creatinine creatinine 
at onset at onset 
(n= 15) (n= 36) 
Duration of disease (years) 4-6 (1°0)* 7207) 
GFR (ml/min/1'73 m‘) 98 (8)** 110 (2) 
ERPF (ml/min/1'73 m?) 538 (47) 580 (18) 
Filtration fraction (%) 18:1 (07) 19:5 (0-5) 


*p<0-05 and **p<0-01 indicate a significant difference between 
the groups. 


as to the occurrence of proteinuria, boys with 
proteinuria are the patients whose GFR and 
ERPF decrease during follow up to values signi- 
ficantly lower than those of controls. Girls with 
proteinuria have a significantly lower GFR and 
ERPF than controls at the last investigation, 
but, by the paired ¢ test, no significant decreases 
were seen from the first to the last investigation. 
Neither boys nor girls without proteinuria 
showed any changes in renal function during 
follow up. 

Table 3 gives the last renal haemodynamic 
data on the 15 patients with increased serum 
creatinine values at the onset of the disease in 
comparison with the 36 patients who did not 
show raised serum creatinine concentrations in 
their first episode. Patients with signs of acute 
nephritic syndrome at the onset, that is, raised 
serum creatinine concentration with haematuria 
and/or proteinuria, seem to have a poorer prog- 
nosis, with a lower GFR despite a shorter follow 
up period. 

Renal function in patients with macroscopic 
haematuria at the onset did not differ from 
those without macroscopic haematuria either at 
the first or last renal function investigations. 
Nor was there any difference in renal function 
at the first or last investigation in those with 
raised or normal serum IgA concentrations. 


Discussion 

There are few long term follow up studies of 
patients with a clinical onset of IgA nephro- 
pathy during childhood.'? 7° ** > In adult as 
well as in most childhood studies there is a male 
preponderance,” ? ' 4 16 25 26 although Kusu- 
moto et al report a rather similar distribution 
between the sexes in juvenile in contrast to adult 
onset IgA nephropathy.'* In the present study 
the ratio of males to females is about 1°5:1. 
Furthermore, the disease seems to present at an 
earlier age in girls than in boys. This has not 
been reported explicitly previously,’® !7 but it 
also seems to occur even in another report on 
childhood IgA nephropathy.” The question is 
whether or not the disease has an earlier onset in 
girls. As urinary tract infections are much more 
common in girls,”’ more urinalyses may be per- 
formed in them than in boys in connection with 
uncertain disorders and result in an earlier 
detection of asymptomatic patients among girls. 
This possibility is further supported by the fact 
that the presenting symptoms in girls are more 
often microscopic haematuria and proteinuria, 
while macroscopic haematuria is found signifi- 
cantly more often as the symptom of onset 
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among boys. This higher frequency of macros- 
copic haematuria in males has also been found 
by others.! ? 1° Futhermore, gross haematuria 
seems to occur much more often among chil- 
dren than among adults.! ? 17 16 1? 2% In the 
present study macroscopic haematuria dıd not 
seem to be related to a poorer prognosis as the 


_ last renal functional data did not differ between 


patients with or without macroscopic haema- 
turia, as has also been found by others.? © ? Y Y 
Australian studies found - significantly worse 
renal function in adults with a history of mac- 
roscopic haematuria,'!® *® however, which was 
also found by Linné et al in juvenile onset IgA 
nephropathy.”° 

In this study raised serum IgA concentrations 
were found in 47% of the patients, which is in 
line with other reports.” !7 7? Kher et aP and 


. Michalk et al!” found much lower frequencies 


and concluded that serum IgA did not appear to 
be a diagnostic test of IgA nephropathy in 
children.” This is in contradiction to Kusu- 
moto, who found a similar frequency in chil- 
dren to that in adults, that is, about 35%.!* Nor 
did they find any correlation between serum 
IgA concentration and the prognosis, which is 
well in line with the findings of the present 
study and other ones.” ? 14 16 Droz, however, 
reported a more favourable outcome in patients 
with higher serum concentrations of IgA,* but 
in a later report he claimed that serum IgA con- 
centrations had no prognostic significance." 

The rather high frequency of 29% of children 
with raised serum creatinine values at the onset 
is in good accord with the findings of other 
studies,’ ® !4 16 20 but this was not seen by 
Kher, and in only a few cases by Lévy et al.! 
Hood et al'* and Nicholls et al’! found it more 
often in males, which was not found in the pre- 
sent study. This acute nephritic syndrome is 
usually reversible.° ** In the present study GFR 
returned to normal in two thirds of the patients 
during follow up, and in one third it progressed. 
Hood et al reported progression in about half of 
the patients and regression in the other half.'* A 
long term follow up of renal function in these 
patients with raised serum creatinine at the 
onset showed a lower GFR in comparison with 
those with normal serum creatinine concentra- 
tions at the onset, and this finding is supported 
by Hood et al.'* 

In the initial renal functional data on the 
group of patients with raised serum creatinine 
values at the onset, the GFR, ERPF, and filtra- 
tion fraction were significantly reduced. The 
low filtration fraction indicates a more reduced 


GFR than ERPF, which might support the. 


hypothesis of relative hyperperfusion of a 
reduced number of functioning nephrons. The 
tendency of a relative hyperperfusion seems to 
remain during the first four years of the disease, 
after which time the ERPF goes down as well. 
Very few studies on renal function have been 
made with a special emphasis on determinations 
of renal plasma flow. Linné et al found super- 
normal GFRs (>+1 SD of those of controls) in 
seven out of 15 patients studied five to 17 years 
after the onset, but clearance of para- 
aminohippuric acid was within normal limits.7° 

As in other studies,! ** !° the nephrotic syn- 
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drome at clinical presentation was an infrequent 
finding. The prognosis in patients with heavy 
proteinuria seemed to be worse, however. This 
was also the case with the girl with the nephrotic 
syndrome in this study, who was the only one 
whose disease progressed to terminal renal fai- 
lure within the short period of 2°6 years. The 
fact that proteinuria is associated with a poor 
prognosis is shown in this study as in other 
ones.? ? 19 1114-17 24 Chida et al found a signifi- 
cant decrease in the renal survival rate in 
patients with proteinuria of more than 1 g/day 
and the most unfavourable prognosis in those 
with heavy proteinuria.!! Clarkson et al point 
out that progressive disease becomes more man- 
ifest in the older proteinuric patients.” In 
another study, where we explicitly examined 
renal function in relation to urine protein excre- 
tion, without the aspect of long term follow up, 
we found that patients with microalbuminuria 
had a reduced GFR, indicating that even mic- 
roalbuminuria is a marker of progressive 
disease.” 

The present results also show that male gen- 
der is more frequently correlated with deteriora- 
tion of renal function, as has been demonstrated 
by others. 1? 14 16 17 24 Droz found no differ- 
ences between the sexes.* In the present study 
girls with proteinuria had a decreased GFR and 
ERPF at the last renal function investigation, 
but they did not show a significant decrease 
from the first to the last examination. This 
might be due to the rather low number of girls 
with proteinuria studied. Girls have been 
reported to have a higher incidence of mild glo- 
merular changes,* but that study did not 
demonstrate any difference between the sexes in 
GFR, proteinuria, and the incidence of hyper- 
tension, that is, in the clinical outcome. The fol- 
low up time was rather brief, however, with a 
mean of 3 years 4 months. 

In summary several earlier reports have stres- 


‘sed the benign clinical course of IgA nephro- 


pathy with an onset of disease during child- 
hood, but this long term follow up study of 
renal function has shown that children with 
IgA nephropathy and proteinuria, especially 
boys, have a poor prognosis. Patients with 
raised serum creatinine concentrations at the 
onset also seem to develop renal dysfunction as 
well as do the few children with hypertension in 
connection with IgA nephropathy. 


The study was supported by grants from the Karolinska Institute 
and the Swedish Medical Research Council (No/6864). 
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Renal histological changes in relation to renal 
function and urinary protein excretion in 


IgA nephropathy 


U B Berg, S-O Bohman, U Widstam-Attorps 


Abstract 

Renal function and urinary protein excretion 
(UPE) were investigated at the time of kidney 
biopsy in 24 children with IgA nephropathy. 
Glomerular filtration rate (GFR) and effective 
renal plasma flow (ERPF) were measured by 
clearances of inulin and para-aminohippuric 
acid. For UPE albumin, IgG, ß, microglo- 
bulin, and creatinine were analysed. Glomer- 
ular global/segmental sclerosis and crescents 
in the biopsy specimens were assessed, and 
glomerular and tubulointerstitial changes 
classified on a five degree scale. 

The patients with tubulointerstitial or 
mesangial biopsy changes or glomerular scler- 
osis had significantly lower GFR than those 
without corresponding lesions. Patients with 
segmental sclerosis also had higher excretion 
rates of IgG, which increased with increasing 
segmental sclerosis. Six patients had GFRs 
below 2SD of the controls. Within the group 
of patients with reduced GFR overt albumi- 
nuria, a raised excretion rate of IgG, intersti- 
tial fibrosis, and advanced mesangial lesions 
were more frequent. A rising excretion rate of 
IgG seems to indicate both reduced GFR and 
increasing segmental glomerulosclerosis and 
may be a marker of progressive disease. 


Since the first report in 1968 by Berger and 
Hinglais' IgA nephropathy has become re- 
cognised as a common form of chronic 
glomerulonephritis.? * The growing awareness 
that IgA nephropathy is a progressive kidney 
disease in a certain percentage of cases leading 
to end stage renal failure has inspired a search 
for prognostic markers.*”7 Glomerular sclerosis 
and interstitial fibrosis are histological features 
associated with an increased risk of developing 
renal failure.? ° 8 °? An older age at the onset of 
the disease, heavy proteinuria, hypertension, 
and male gender are clinical predictors of a 
poorer prognosis.” * 1! IgA nephropathy may 
also lead to uraemia in childhood.!?!* This 
study was designed to characterise the morpho- 
logical changes in kidney biopsy specimens 
from children and adolescents with IgA nephro- 
pathy, and to correlate the findings with the 
pattern of. urinary protein excretion (UPE) as 
well as with renal haemodynamics at the time of 
the kidney biopsy, and to evaluate the diagnos- 
tic and prognostic significance of UPE and renal 
haemodynamics. 


Patients and methods 
UPE and renal haemodynamics were studied in 


24 children and adolescents (16 boys, eight 
girls) with IgA nephropathy within 34 days of a 
kidney biopsy, mean (SEM) 2°8 (1-4) days. The 
mean (SEM) age of the patients was 13°3 (0:7) 
years and the investigations were performed 
Q-13—12°3 (mean 3-9 (0°7)) years after the first 
signs or symptoms of kidney disease. The 
patients were all in a stable condition without 
signs of current infection. 

Renal biopsies were performed percuta- 
neously using a Tru-Cut biopsy needle having 
an outer diameter of 2°0 mm (Travenol). Tissue 
for light microscopy was fixed in 3% buffered 
formaldehyde, and embedded in paraffin. Two 
to 3 micron thick sections were stained with 
haematoxylin and eosin, Ladewigs trichrome 
stain, and silver methenamine. Tissue for 
immunofluorescence microscopy was frozen 
immediately in liquid nitrogen. Unfixed frozen 
sections were incubated with fluorescein 
isothiocyanate (FITC)-conjugated antisera 
(Dako) against human IgG, IgM, IgA, C3, and 
Cla. 

All biopsy specimens were examined without 
knowledge of other laboratory data or patient 
histories. The percentage of glomeruli showing 
global sclerosis, segmental sclerosis, and cellu- 
lar crescents was calculated. A number of glo- 
merular and tubulointerstitial parameters were 
then assessed semiquantitatively on a five 
degree scale (0, +, +, ++, +++). These 
included glomerular mesangial expansion, 
mesangial cell proliferation, interstitial fibrosis 
and tubular atrophy, interstitial inflammation, 
and vascular lesions. 

Urine analyses for UPE were based on timed 
short term collections, and blood was drawn in 
connection with the sampling period. Albumin, 
IgG, Bz microglobulin, and creatinine were 
measured in serum and urine, and the respec- 
tive excretion rates, clearances, and fractional 
clearances were calculated. 

Renal function was determined as the glomer- 
ular filtration rate (GFR) and effective renal 
plasma flow (ERPF) and measured as clearances 
of inulin and para-aminohippuric acid during 
water diuresis using a standard clearance 
technique.!” This includes a priming dose and 
continuous infusion of inulin and para- 
aminohippuric acid. The filtration fraction and 
fractional sodium excretion were also deter- 
mined. 

Serum albumin was analysed by an auto- 
mated dye binding method with bromcresol 
purple'®; urinary albumin and IgG, and serum 
IgG were analysed by an automated immuno- 
nephelometric method (Behring Nephelometer 
Analyser). Bə Microglobulin was assayed by a 
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radioimmunological method (Phadebas, Bß2- 
micro Test, Pharmacia Diagnostics AB). Creati- 
nine was determined by a kinetic method based 
on a modified Jaffé reaction,” and serum 
sodium with ion selective electrodes and urinary 
sodium by flame photometry. Inulin was ana- 
lysed by the anthrone method!?® and para- 
aminohippuric acid by a modified Smith 
technique. !? 

To evaluate the distribution of proteinuria, 
the patients’ urines were screened by the 
routine laboratory detection limits for the diffe- 
rent proteins (albumin =30 mg/l, IgG >10 
mg/l, B2 microglobulin 2100 ug/l). For statisti- 
cal analyses the patients were grouped accord- 
ing to the type and extent of morphological 
changes in the biopsy specimen and according 
to the urinary excretion rates of the respective 
proteins: (1) urinary excretion rate of albumin 
<20 ug/min/1'73 m? (or urinary albumin <30 
mg/l) (non-albuminuria), 20-200 ug/min/1-73 
m? (microalbuminuria) and >200 ug/min/1-73 
m? (albuminuria); (2) urinary excretion rate of 
IgG <10 and 210 ug/min/l'73 m?, and (3) 
urinary excretion rate of Ba microglobulin <200 
and >200 ng/min/1'73 m°. 

The results in the different groups were 
expressed as the mean (SEM) and were com- 
pared by means of the Mann-Whitney non- 
parametric test. The x? test was peformed for 
associations of categorical variables, and the 
correlation between variables was assessed by 
linear regression analysis. Thirty six healthy 


‚children and adolescents without any signs of 


kidney disease (mean age 12°8 (0-9) years, range 
3-5-21°5 years) served as controls regarding 
renal haemodynamics. 


Results 
By definition, all biopsy specimens included in 
this study showed a positive immunofluoresc- 
ence reaction in the glomeruli with IgA as the 
predominant immunoglobulin, which mainly 
occurred in the mesangial areas. In the vast 
majority of cases (92%) C3 was present in a 
similar pattern while Clq was usually negative. 
No patient showed any evidence of systemic dis- 
ease associated with glomerular IgA deposits. 
The distribution of the patients according to 


Table 1 Distribution of the patients according to the extent 
(semiquantitative score) of tubulointerstitial and glomerular 
mesangial damage 


Score Interstitial Interstitial Mesangial Mesangial cell 
fibrosis inflammation expansion proliferation 

0 13 20 6 8 

= 8 l 8 7 

+ 3 3 7 7 

++ 0 0 3 2 

+++ 0 0 0 0 
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tubulointerstitial and glomerular changes is 
given in table 1. No biopsy specimen showed 
significant arteriolosclerosis. Thirteen of the 24 
patients (54%) had glomerular sclerosis or cres- 
cent formations: nine exhibited glomeruli with 
global sclerosis (up to 10% glomeruli affected), 
eight segmental sclerosis (up to 19% glomeruli 
affected), and two had focal crescent, forma- 
tions. 

There were no significant differences in UPE 
when the patients were grouped according to 
mesangial changes (volume expansion and cell 
proliferation). The patients with modest/ 
moderate (+/++) mesangial changes (volume 
expansion as well as cell proliferation) had a 
lower GFR than those with no mesangial altera- 
tions (table 2). Mesangial volume expansion 
associated significantly with mesangial cell pro- 
liferation (fig 1). The duration of the IgA 
nephropathy was not longer in the four patients 
with mesangial volume expansion predominat- 
ing over mesangial cell proliferation. 

The patients with glomerular sclerosis (global 
as well as segmental) had significantly lower 
GFR than those without corresponding glomer- 
ular changes (fig 2). The patients with segmen- 
tal sclerosis also had higher urinary excretion 
rates of IgG (55:1 (13-4) ug/min/1-73 m’, 
p<0°05), higher IgG clearance, higher fractio- 
nal IgG clearance, and higher serum ß, micro- 
globulin concentrations (2:5 (0°4) mmol/l, 
p<0°01) compared with the patients with no 
segmental sclerosis (IgG excretion rate 14-8 
(5-0) ug/min/1-73 m? and serum ß micro- 
globulin 1:3 (0-1) mmol/l). There were highly 
significant correlations between the proportions 
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Figure 1 Correlation between the extent of mesangial cell 
proliferation and mesangial volume expansion 
(semiquantitative score). 


Table 2 Mean (SEM) GFR ml/min/1-73 m? in the patients grouped according to extent (semiquantitative score) of 


glomerular mesangial and tubulointerstitial biopsy findings 





Group Extent of mesangial and interstitial changes 

0 In] + fn] +/++ fn] 
Measangial volume expansion 122 (6) [6] 113 (5) [8] 100 (7) [10° 
Measangial cell proliferation 118 (5) [8] 119 (6) [7] 96 (7) PF} 
Interstitial fibrosis 119 (4) [13] 105 (5) 18)” 76 (12) [3}** 
Interstitial inflammation 115 (3) [20] 64 [1] 99 (17) [3] 


*p<0:05 compared with 0, **p<0-01 compared with 0, tp<0°05 compared with +, $p<0°05 compared with +/+/++. 
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Table 3 Coefficients of correlation (r) between the extent of glomerular sclerosis and excretion rates, clearances, and 


fractional clearances of albumin and IgG respectively 


Segmental 

sclerosis (%) 
Albumin excretion rate 0:80*** 
IgG excretion rate 0-87*** 
Albumin clearance 0-78*** 
IgG clearance 0-88*** 
Albumin clearance/inulin clearance 0-72"* 
IgG clearance/inulin clearance §-83*** 


*p<0-05, **p<0-01, ***p<0-001. 


150 


E SE 
$= 


GER {mi/min/1-73m?) 


u 
50 
0 (n=9) ({n=15) {n=8) (n=16) 
With Without With Without 
Global sclerosis Segmental sclerosis 


Figure2 GFR in patients grouped according to the 
presence of global and segmental glomerular 
sclerosis respectively; p<0-05. 
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Figure3 Correlation between the IgG excretion rate and 
the percentage of glomeruli with segmental sclerosis. 


of sclerotic glomeruli and urinary excretion of 
albumin and IgG, which is illustrated in table 3 
and fig 3. 

The patients with tubulointerstitial changes 
in the biopsy specimen (fibrosis and/or inflam- 
mation), had a lower GFR than those with no 
interstitial changes. GFR (table 2) and ERPF 
declined with advancing fibrosis, while fractio- 
nal sodium excretion increased. Fractional 
sodium excretion was significantly higher (2°03 
(0°22)%, p<0-05) in patients with modest (+) 
interstitial fibrosis than in those with no (1°22 
(0°10)%) or slight (+, 1-31 (0-17)%) fibrosis. 
There were no significant differences in UPE 
between the interstitial groups. 

Sixteen of the 24 patients (67%) had urinary 
albumin >30 mg/l (mean 684 (433) mg/l), five 
patients (21%) were Albustix positive (urinary 


- albumin >150 mg/l, mean 2040 (1256) mg/l), 


and three (9%) were nephrotic with urinary 
excretion rates of albumin of >40 mg/h/m’, 
mean 3072 (1974) mg/l). Twelve patients (50%) 
had urinary IgG >10 mg/l (mean 59-8 (31:2) 
mg/l), and nine patients (39%) had urinary ß; 
microglobulin of >100 ug/l (mean 200 (41) 
ug/l). Only one patient had a urinary ß, micro- 


Segmental and Global 
global sclerosis (%) selerasis (%) 
0-86*** 0-59 
0.84*** 0-44 
0-88*** 0-67*" 
0-907 ** 0-58* 
0-85*** O71" 
0-90*** 0-68* 


globulin concentration above the upper refer- 
ence limits (<375 ug/l). 

The mean GFR (110 (4) ml/min/1:73 m?) and 
ERPF (571 (24) ml/min/1-73 m?) in the patient 
group were significantly reduced compared 
with controls (119 (2) and 627 (14) ml/min/1-°73 
m? respectively, p<0:05) but the filtration frac- 
tion did not discriminate (19°5 (0°7)% and 19-2 
(0°4)% respectively). 

No patient was hypertensive (mean systolic 
blood pressure 114 (2), diastolic 67 (2) mm Hg), 
but one boy with albuminuria and a reduced 
GFR was on antihypertensive treatment. 

The albumin excretion rate was determined 
in 23 patients (one girl missed the urine collec- 
tion). GFR in those without albuminuria (124 
(5) ml/min/1-73 m?) did not differ from con- 
trols, but those with microalbuminuria (104 (6) 
ml/min/1’73 m?) and with albuminuria (95 (9) 
ml/min/1-73 m?) had significantly (p<0-05) 
lower GFRs compared with non-albuminurics 
as well as with controls. The urinary excretion 
rate of IgG increased with rising urinary albu- 
min excretion rate. The blood pressure tended 
to rise with increasing albumin excretion, and 
the albuminuric patients (mean blood pressure 
118 (5/74 (2) had significantly higher diastolic 
blood pressure (p<0-05) than the non- 
albuminurics (mean blood pressure 109 (3)/65 
(3)). 

The patients with rates of urinary excretion of 
IgG >10 ug/min/1'73 m? had a lower GFR (95 
(6) ml/min/1°73 m°, p<0-01) than those with 
excretion rates <10 ug/min/1'73 m? (119 (4) ml/ 
min/1'73 m?) but there were no further signifi- 
cant differences in renal haemodynamics or 
UPE between the two groups, nor in the groups 
based on excretion rates of Bz microglobulin. 

Six patients had GFRs below 2SD of the con- 
trols (<100 ml/min/1:73 m”). A comparison of 
this group of patients using the x? test to those 
with GFR >100 ml/min/1'73 m? revealed signi- 
ficantly more patients with overt albuminuria 
(4/6, p<0-°05) and raised urinary excretion rates 
of IgG (6/6, p<0°01) and more patients with 
interstitial fibrosis (6/6, p<0°01), >+ mesan- 
gial cell proliferation (6/6, p<0-05), >+ mesan- 
gial volume expansion (5/6, p>0°05), and more 
global sclerosis (5/6, p<0-05). 

One patient (a 13 year old boy) developed end 
stage renal failure within seven months of the 
kidney biopsy, which had demonstrated a slight 
mesangial volume expansion and cell prolifera- 
tion, slight interstitial fibrosis, 19% glomeruli 
with segmental and 10% with global sclerosis. 
At the time of biopsy he was nephrotic with a 
reduced GFR (93 ml/min/1'73 m?) and ERPF 
(466 ml/min/1-73 m?). 
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Discussion 

Although far from negligible, the morphological 
lesions of our patients were less prominent than 
those generally described in studies of adult IgA 
nephropathy patients.” * 7° Still the mean GFR 
and ERPF values at the time of biopsy were sig- 
nificantly lower than in controls, and one fourth 
of the patients exhibited a reduced GFR (below 
2SD). Thus the severity of an IgA nephropathy, 
even in childhood, must not be underestimated. 

Many investigations have been made to evalu- 
ate clinical factors predicting progressive renal 
disease in IgA nephropathy.® !° The type of glo- 
merular lesions observed in the first renal 
biopsy in childhood IgA nephropathy has been 
claimed to be predictive of the clinical course of 
the disease.'* !! Already at the time of biopsy 
our patients with more advanced morphological 
lesions (glomerular and/or tubulointerstitial) 
had lower GFRs than those with no or less pro- 
nounced changes in their biopsy specimens. 

Mesangial volume expansion and mesangial 
cell proliferation coincided except in four cases 
with more pronounced mesangial expansion 
than cell proliferation (fig 1). These results dif- 
fer somewhat from those of Yoshikawa et al who 
found predominant mesangial hypercellu- 
larity to be characteristic of early childhood 
IgA nephropathy, while the mesangial mat- 
rix increased later, suggesting progressive 
disease?! ?? Their children with prominent 
hypercellularity had the shortest interval 
between onset of the disease and biopsy (mean 
(SD) 4:1 (4-0) months). All Japanese schoolchil- 
dren are screened yearly for urinary abnormali- 
ties and renal diseases are therefore often 
diagnosed at an early age in Japan. Our biopsies 
were performed with a median interval of 2°6 
years from onset of disease, thus corresponding 
to the children studied by Yoshikawa et al with 
waning hypercellularity. Consequently the 
difference in our results mainly consists in our 
findings of persisting mesangial cell prolifera- 
tion. 

Half of our patients (54%) exhibited sclerotic 
glomeruli, and these patients had reduced renal 
function and higher IgG excretion, though no 
patient had more than 19% glomeruli with seg- 
mental sclerosis. These findings agree with the 
assumption that glomerular obsolescence and 
segmental glomerulosclerosis are associated 
with an increased risk of renal failure.? 3 >° 
Vascular lesions are unusual in children,!? 2? 
and we recorded no vascular changes. Thus the 
glomerular sclerosis could not be attributed to 
ischaemic damage,” ” which also agrees with 
previous findings by D’Amico et al.’ 

Interstitial lesions, especially interstitial fib- 
rosis, have been claimed to be associated with 
an increased risk of developing renal failure.” ® 
Although interstitial findings were sparse, the 
patients with interstitial changes had reduced 
GFR. The fact that interstitial lesions did not 
correlate with the extent of glomerular changes 
suggest that at least partly different mechanisms 
are responsible for glomerular and tubulointer- 
stitial damage, which has also been observed 
previously by D’Amico et al.? 

Heavy proteinuria is another marker of 
severe disease.*°°®? The reduced GFRs 
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found in albuminuric as well as in microalbumi- 
nuric patients correspond to our previous 
findings** that microalbuminuria may also be a 
marker of more severe IgA nephropathy.” A 
rising IgG excretion rate seems to indicate both 
a reduced GFR and increasing segmental glo- 
merulosclerosis. As the extent of segmental 
sclerosis is considered to be associated with an 
increased risk of developing renal failure,’ 
raised IgG excretion may be predictive of prog- 
ressive renal disease. 

GFR was reduced in patients with compara- 
tively modest mesangial, sclerotic, or interstitial 
changes and deteriorated further with more 
severe histological damage. An exact GFR 
determination ts therefore of great importance 
in the follow up of IgA nephropathy. Although 
GFR was reduced even in patients with minor 
morphological changes, urinary albumin and 
IgG excretions distinguished the patients with 
more advanced renal damage and mainly sclero- 
tic glomerular lesions. 

In summary, our patients with reduced renal 
function and raised albumin and IgG excretions 
had more pronounced histological renal lesions. 
We suggest that an accurate determination of 
renal haemodynamics and UPE at the time of 
biopsy may give an indication of the extent of 
renal damage. The fact that the IgG excretion 
rate increased in the patients with more exten- 
sive segmental glomerular sclerosis may make it 
a valuable analysis in the follow up of IgA 
nephropathy. Increasing IgG excretion may be 
an early marker of progressive disease. 
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Early diet and eczema 

The association between early feeding and the later development 
of atopic diseases is a hardy perennial of a topic which has gener- 
ated many an article but so far little of real practical importance. 
The role of breast feeding in this respect is still not clear. In a 
recent study from New Zealand, Ferguson and his colleagues 
(Pediatrics 1990;86:541-6) have examined the association between 
early solid feeding and later eczema. 

They collected data on a cohort of 1265 children born in Christ- 
church in 1977 who were seen at birth, at 4 months, and at annual 
intervals to the age of 10 years. At the 4 month visit the amount 
and types of solid food given to the child were recorded, the foods 
being classified into six types: dairy products, egg or related pro- 
ducts, cereals, vegetables, meat products, and fruit. 

This report concerns the incidence of recurrent or chronic 
eczema. The diagnosis was accepted from the mother’s report pro- 
vided that the child had seen the family doctor at least three times 
for eczema, the condition had been present for at least three con- 
secutive years, and the child was receiving regular treatment for 
eczema. 

The overall incidence of recurrent or chronic eczema by the age 
of 10 years was 7°5%. The association between individual compo- 
nents of the early diet and later eczema was weak and not statisti- 
cally significant. In comparison with those who had been given no 
solids up to the age of 4 months the risk of later eczema was 
increased by a factor of 2°35 in those who had received four or 
more types of food and by 1°4 in those who had received between 
one and three types. The findings were still significant after allow- 
ing for possible confounding variables such as family atopy, early 
breast feeding, or social background. 

The authors therefore conclude that the development of eczema 
is related to the diversity of early diet rather than to individual 
dietary components. 

Presumably for each individual child there may bé a small num- 
ber of dietary antigens which are important but the risk of contact 
with those antigens increases with greater dietary diversity. If 
you’re playing Russian roulette the fewer live bullets in the cham- 
ber the greater are your chances of telling the tale. 

These results need to be confirmed, but perhaps too much 
diversity in the diet of young babies is not a good thing, especially 
when there is a close family history of atopy. 
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Changes in body composition and energy 
expenditure after six weeks’ growth hormone 


treatment 


J W Gregory, S A Greene, R T Jung, C M Scrimgeour, M J Rennie 


Abstract 

Changes in body composition and energy 
expenditure were assessed in 15 children after 
six weeks of human growth hormone (hGH) 
treatment. Body composition measurements 
were made by stable isotope labelled water 
(H,'?O) dilution, bioelectrical impedance, 
and skinfold thickness techniques. Energy 
expenditure was assessed both by indirect 
ventilated hood calorimetry (resting energy 
expenditure) and the stable isotope doubly 
labelled water (7H,'8O) technique (free liv- 
ing daily total energy expenditure). Mean 
increases in weight of 0-96 kg and fat free 
mass of 1-37 kg and a mean decrease in fat 
mass of 0-41 kg were observed. Significant 
increases both in resting energy expenditure 
and free living daily energy expenditure were 
detected. Absolute changes in fat mass and 
resting energy expenditure were correlated. 
The data suggest (i) that the increase in the fat 
free mass is the most significant early clinical 
measure of hGH response and (ii) that hGH 
increases the metabolic activity of the fat free 
mass. Monitoring such changes may be pre- 
dictive of the efficacy of hGH in promoting 
growth. 


Although growth hormone has been available 
for the treatment of children with short stature 
for approximately 30 years,’ information on the 
association of the early metabolic effects of 
treatment to possible subsequent changes in 
body composition is limited. Metabolic studies 
(mostly made in the first one to two weeks of 
treatment) have shown that human growth hor- 
mone (hGH) is anabolic, indicated by nitrogen 
retention increasing within 24 hours*® and 
reaching a maximum less than 14 days after 
initiation of treatment.’ Also the triceps skin- 
fold thickness, which is a measure of fat mass, 
decreases six to 10 weeks after the start of treat- 
ment. However, studies of other indices of body 
composition have been made only after longer 
periods of treatment (for example, total body 
potassium estimated by *°K counting after 
seven months),® and little attempt has been 
made to compare the extent of the possible 
effects, early and late. 

There is very little information, none recent, 
on the energy expenditure changes associated 
with treatment and the available information is 
inconsistent.” ? Most measurements of this sort 
were of resting energy expenditure and we are 
unaware of any attempts to measure free living 
daily total energy expenditure. Total energy 
expenditure may be affected by changes in well 


being which influence overall activity patterns. 
Furthermore, no attempts have been made to 
relate changes in total or resting energy expend- 
iture to those in body composition in children 
treated with hGH. Accurate measurement of 
total energy expenditure in children was pre- 
viously impossible in the free living state until 
the advent of the non-invasive doubly labelled 
water (7H,'*O) method using stable, non- 
radioactive isotopes.'® !! We hypothesised that 
the early metabolic effects of hGH treatment 
would result in increased energy expenditure, 
which may be predictive of the subsequent 
anthropometric effect of treatment. We have 
therefore measured, before and after six weeks 
hGH treatment, changes in body composition 
using H,'%O dilution and compared the results 
with values obtained from two techniques more 
easily applicable routinely in the clinic, namely 
measurement of bioelectrical impedance and 
skinfold thickness. We have measured resting 
energy expenditure using indirect ventilated 
hood calorimetry and free living total energy 
expenditure using the ?H,!?O method to deter- 
mine the effects of hGH treatment on energy 
expenditure and to see if such changes are 
related to changes in body composition. The 
results presented here are initial measurements 
from an ongoing study to assess the long term 
metabolic and energy expenditure effects of 
hGH and to discover whether early changes may 
be predictive of any long term growth promot- 
ing effects. 


Patients and methods 

Ethical approval for the study was obtained 
from the committee on medical ethics of 
Tayside Health Board. Fifteen patients (nine 
boys and six girls, table 1) participated, all of 
whom were recruited from the children’s endo- 
crine clinic and were to undergo a one year 
course of hGH treatment prescribed on clinical 
grounds. Nine patients had growth hormone 
insufficiency (concentration <10 ug/l (<20 mU/ 
l) in response to a standard insulin stress test!” 
and six had growth hormone concentrations 
>10 ug/l (220 mU/l) of whom four had normal 
variant short stature. The decision to treat case 
3 (table 1) was based on a height velocity on the 
10th centile for an 18 month period before 
entering the study. Before treatment with hGH, 
patients were admitted to the paediatric unit for 
a morning, having previously fasted from mid- 
night. Height was measured using a Harpenden 
stadiometer and weight by a beam balance. 
Skinfold measurements (Holtain skinfold 
caliper) were made at the triceps, biceps, sub- 
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Table 1 Pretreatment patient details 


Case Sex Growth Age Height — 
No hormone (years) SD 
concentration scoref 
(ugit)* 
i M 0°8 9:46 —1-03 
2 M 2-1 11°56 1-06 
3 M 4-3 7°62 —3°12 
4 F 4-6 8°17 —2-09 
5 M 5:4 13-71 -0°92 
6 M 59 7°84 —2-43 
7 F 6°8 11°85 —4-60 
8 F 70 7°65 —1-87 
9 F 8-9 10°29 —1-86 
10 F 11°8 11-01 —2-60 
ll M 11-9 12°61 —2:79 
12 F 23°5 7°39 -7:15 
13 M 24-4 9-44 —3-20 
14 M 34-0 14°26 —3:81 
15 M 36-2 9:79 3:17 
Mean 127 10-18 — 2:31 
SE 3-0 0°59 0-35 
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Height Weight Diagnosis 

velocity (Rg) 

(cmiyear)f 

3-73 27°40 Panhypopituitary 

482 43-30 Craniopharyngioma 

8:24 15-65 IGHD 

3-43 19-00 Turner’s syndrome 

8-27 38-30 After acute lymphoblastic leukaemia 
5-59 19-30 IGHD 

3°33 23-40 IGHD 

515 18-50 Turner’s syndrome 

400 33°13 Turner’s syndrome 

3°75 26°30 NVSS 

6°31 26°60 After acute lymphoblastic leukaemia 
4-68 18-15 Turner’s syndrome 

3-08 22-10 NVSS 

4:63 32°60 NVSS 

3°96 20-70 NVSS 

4-86 25°66 

0-42 2-09 


*Growth hormone response before hGH treatment; 1 pgl=2 mU/I. 


Height expressed as SD score for chronological age. 


tHeight velocity calculated over a six month period before treatment. 
IGHD, isolated growth hormone deficiency; NVSS, normal variant short stature. 


scapular, and suprailiac sites.!? Separate regres- 
sion equations were used for converting the sum 
of the four skinfold thicknesses into body 
density for prepubertal!* and adolescent? chil- 
dren. Percentage body fat was calculated! and 
thence fat mass and fat free mass could be 
derived for each child. Total body water was 
estimated from H;!?O dilution (measured in the 
basal and five hour post dose urine specimens) 
using the formula of Schoeller et al!® and also by 
bioelectrical impedence which has been vali- 
dated for use in children!’ and specifically in 
those with growth disorders. !® Impedance mea- 
surements were made using a Holtain body 
composition analyser (Holtain Limited). The 
technique is simple to perform and highly 
acceptable to patients. Total body water (TBW) 
was calculated from the regression equation: 


TBW=0-79+0-55 (Ht?/Impedance)® 


Assuming fat free mass (FFM) is composed of 73% 
water by weight,!? then FFM=TBW/0-73 and 


Fat mass=total body weight- FFM. 


The doubly labelled water method for estima- 
tion of total energy expenditure has now been 
used in several centres with good precision (2- 
8%) in adults!! 2°?! and infants? and is now 
being applied to children.” It is based on the 
measurement of carbon dioxide production 
from the difference between the elimination 
rates of the deuterium (?H,) and !?O with which 
the water is labelled. Because of the action of 
carbonic anhydrase, both water and bicarbonate 
pools are labelled with '°O and the disappearance 
rate of '8O is determined by the production of 
carbon dioxide and loss of water from the 
body. °H is lost only as water. The difference in 
the disappearance rates of '®O and 7H is 
proportional to the production of carbon 
dioxide and assuming a respiratory quotient 
(RQ) of 0°85,” total energy expenditure can be 
calculated using Weir’s equation.” 

At 0900 each patient took by mouth 0'3 g 
H,'*O/kg estimated total body water (150 was 
10°4 atom %, Isotec Inc) and 0-12 g 7H,O/kg 
estimated total body water (?H was 99-8 atom 
%, Sigma Chemical Company). Urine speci- 


mens for analysis were taken before and three, 
four, and five hours after ingestion of the 
isotope. For two weeks thereafter, the second 
morning urine specimen was collected (usually 
just before leaving for school). Isotope ratio 
measurements for '?O and *H were carried out 
using a Finnigan MAT Delta D gas isotope ratio 
mass spectrometer fitted with an automated 
breath gas analysis. system.?° '8O enrichment 
was measured after equilibration of 400 ul of 
urine with 5% carbon dioxide in 20 ml 
Vacutainers (Becton Dickinson) using the auto- 
mated inlet system. 7H was measured as *H, 
after reduction of 8 ul urine samples with zinc at 
450°C.” 7H, samples were manually introduced 
into the mass spectrometer. 

After isotopic enrichment of the urine was 
measured, a rate constant for the disappearance 
of each isotope was determined. The integration 
method of Coward et al was employed to 
calculate the carbon dioxide production rate.” 
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Figure] Mean(SE) changes in fat free mass by the three 
techniques. 
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Figure2 I ndividual changes in fat free mass by H,'°O 
dilution, Growth hormone concentration before treatment: 
> i y uel (>20 mUll), broken line; <10ug/l (<20 mU!) 
solid line. 


Total energy expenditure calculated by this 
method is thus a mean value for energy expendi- 
ture over a two week period. 

Resting energy expenditure was estimated in 
a fasting state and thermoneutral environment 
by an indirect ventilated hood calorimeter”? 
built by the medical physics department of 
Ninewells Hospital. Oxygen and carbon dioxide 
concentrations were measured by paramagnetic 
(Taylor, Servomex) and infrared (SS-200, 
Analytical Development Company Ltd) analy- 
ses respectively. Calorimeter operation and data 
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Figure3 Effect of six weeks’ treatment with hGH. REE, resting energy expenditure; 
TEE, total energy expenditure. 
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Table2 Body composition before and after hGH treatment. 
Results are mean (SE) 


0 Weeks 6 Weeks p Value 


Weight (kg) 25°66 (2°09) 26°62 (2°23) <0-005 
Sum of 4skinfolds(mm) 36°1 (3-6) 32°6 (3°5) <0°05 
Fat free mass (kg)* 19°83 (1°44) 21'20(1:57) <0-001 
Fat mass (kg)* 5:83 (0-90) 5°42(0-°91) NS 


*By H,"?O dilution. 


processing were carried out using a Commodore 
64 microcomputer; resting energy expenditure 
was calculated from Weir’s equation.”° 

Patients were treated with subcutaneous 
injections of recombinant hGH (Norditropin, 
Novo Norkdisk) at a dose of 2 U daily. This 
resulted in a mean (SE) dose of 15-1 (0-8) U/m?/ 
week or 0:57 (0°04) U/kg/week. Before and after 
treatment results were statistically analysed 
using a rank Wilcoxon test for paired data and 
the Spearman rank order correlation coefficient 
test. Significance was assigned at the level 
of 5%. 


Results 

BODY COMPOSITION (figs 1 and 2, table 2) 
Pretreatment values of fat free mass in indi- 
vidual patients by each of the three techniques 
were highly correlated (H,'*O dilution com- 
pared with skinfolds, r=0°98, p<0-0005 and 
H,O dilution compared with impedance, r= 
0-95, p<0-0005) and all three methods gave 
similar values of the changes of fat free mass (fig 
1). Therefore only body composition informa- 
tion obtained from H,'8O dilution is shown in 


Table 3 Energy expenditure before and after hGH 
treatment. Results are mean (SE) 


0 Weeks 6 Weeks p Value 


Respiratory quotient 0°79(0-02) 0°80(0°01) NS 
Resting energy expenditure 

(kJ/day) 4088 (142) 4568 (158) <0°005 
Resting energy expenditure 


(kJ/kg fat free mass/day) 211 (10) 222 (11) <0°05 
Total energy expenditure 


(k] /ke/day) 71716577) 7677(609)  <005 
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5506 
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Figure4 Individual changes in resting energy expenditure. 
Growth hormone concentration before treatment: >10 ug 
(220 mUl), broken line; <10 ugil (<20 mU/Il), solid line. 
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fig 2 and table 2. Twelve of the 15 patients 
gained weight over the six week period. All 15 
patients increased their fat free mass (fig 2). 


ENERGY EXPENDITURE (figs 3 and 4, table 3) 
Because of the difficulty in persuading one 7 
year old patient to lie still, reliable results of 
resting energy expenditure changes are available 
in only 14 of 15 patients. There was a significant 
mean increase of 12:1% (p<0-005) in resting 
energy expenditure in individual subjects over 
six weeks with only one patient (case 5) demon- 
strating a decrease over that time (fig 4). 
However, when resting energy expenditure was 
expressed/kg fat free mass, four patients (cases 
2, 4, 5, and 11) showed a mean decrease of 
2°8%, though the overall mean individual 
increase in resting energy expenditure/kg fat 
free mass of 7:9% was still significant (p<0°05), 
Measurement of total energy expenditure also 
showed a significant mean individual increase of 
73% (p<0-05) over six weeks, although in 
three patients (cases 3, 5, and 13) the values did 
decrease. The mean changes in response to 
treatment are summarised in table 3 and fig 3. 

Pretreatment resting and total energy 
expenditure correlated significantly with weight 
(r=0°78, p<0-005 and r=0°68, p<0-05 respec- 
tively) and with fat free mass (r=0°87, p<0°005 
and r=0°62, p<0:05 respectively). Pretreat- 
ment resting and total energy expenditure were 
correlated (r=0°54, p=0-05). After six weeks of 
treatment with hGH there was an imverse corre- 
lation between absolute changes in fat mass and 
resting energy expenditure (r=—0°53, p=0°05). 
Absolute increases in resting and total energy 
expenditure over the six week period were posi- 
tively correlated (r=0°78, p<0-01). However, 
none of these observed changes in energy 
expenditure was correlated with the differing 


doses of hGH (expressed either as U/kg/week or . 


U/m?/week) received by these patients. 


Discussion 

After six weeks of hGH treatment we observed 
significant increases in fat free mass that have 
not, so far as we know, been previously detected 
in children after such a short period of treat- 
ment. Unlike the results obtained by previous 
work in adults,’’” however, we have also 
observed a significant increase in weight, well 
above that anticipated over a six week period in 
a growing child. The study in adults has shown 
an early increase in fluid retention in response 
to hGH that might be the explanation for the 
observed significant increase in total body water 
and derived values of fat free mass measured in 
our study. A similar increase in fat free mass 
was detected by decreasing skinfold measure- 
ments, however, which might be considered an 
unlikely response to substantial production of 
oedema fluid. Therefore the increment in fat 
free mass indicated both by isotope dilution and 
impedance was probably genuine and not 
affected by oedema. Despite significant 
decreases in skinfold thicknesses, the mean 
decrease in fat mass was not significant and as 
net changes in weight were positive, it appears 
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that the most sensitive measure of changes in 
body composition resulting from hGH treat- 
ment is that of an increase in fat free mass. This 
change in fat free mass can be easily monitored 
in the clinical situation by either skinfold thick- 
ness measurements taken by a single observer, 
or, if this is clinically inconvenient and different 
observers have to be involved, by the technique 
of bioelectrical impedence, which has a lower 
interobserver coefficient of variation." 

Unlike those of previous studies in 
children,’ °? our results show a significant 
increase in both whole body resting energy 
expenditure and resting energy expenditure/kg 
fat free mass and also in whole body total energy 
expenditure. The percentage change is dimi- 
nished when expressed as kJ/kg fat free mass 
reflecting the concurrent increase in absolute fat 
free mass. This increase in resting energy 
expenditure may be related to an increase in 
metabolic activity of lean tissue due to increased 
protein turnover. However, the increase in rest- 
ing energy expenditure is significantly associ- 
ated only with changes in fat mass and not fat 
free mass, perhaps suggesting that the stored fat 
is the energy source for subsequent metabolic 
activity of fat free mass. The increase in resting 
energy expenditure is not as great as that seen in 
a recently published study on adults,*° probably 
reflecting the fact that some of our subjects were 
not as severely deficient in growth hormone and 
that measurements in the adult study were 
made after only four weeks of treatment. If the 
greatest metabolic effect of treatment (for ex- 
ample, nitrogen retention) occurs within two 
weeks of starting treatment and decreases there- 
after, the measurable energy cost of such 
changes may be decreasing between four and six 
weeks. 

If it is assumed that fat free mass contains 
20-6% protein?! and, as in children recovering 
from malnutrition and growing very rapidly, 
1-4 g protein is synthesised/gram retained,” 
then the minimum energy cost of the protein 
deposited in the increased fat free mass can be 
calculated from 3°75 kJ/g protein deposited. 
This assumes four molecules ATP plus one 
molecule guanosine triphosphate are expended/ 
mole peptide bond synthesised.”” From these 
assumptions, the minimum energy cost of total 
protein synthesised for the mean increment of 
1367 g in fat free mass (that is, net deposition of 
protein) measured over the initial six weeks of 
treatment (assuming an insignificant increase in 
fat free mass during the two week urine isotope 
collection before starting hGH) was 35 kJ/day. 
Thus only 7% of the observed mean increase in 
resting energy expenditure of 481 kJ/day can be 
accounted for by such mechanisms. As protein 
turnover (for which additional costs of protein 
breakdown, RNA turnover, and amino acid 
transport are small) and associated processes 
normally account for roughly 20% of resting 
energy expenditure,*? much of the observed 
increase in resting energy expenditure must be 
related either to non-protein metabolic effects of 
hGH treatment or to a much greater than nor- 
mal increase in protein synthesis/g protein 
deposited. This remains to be studied. 

This study is, as far as we are aware, the first 
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in which simultaneous measurements of resting 
energy expenditure and total energy expendi- 
ture have been made in children. It is of interest 
that the ratio of total energy expenditure to rest- 
ing energy expenditure is 1'75:1, which is grea- 
ter than the ratio of approximately 1°5:1 for 
adults.** This suggests that in children, a grea- 
ter proportion of total energy expenditure is 
accounted for by activity than in adults. This 
and also the daily variability in behaviour likely 
to be exhibited by children is likely to be the 
explanation for the less significant increase in 
total energy expenditure than resting energy 
expenditure, though both increases were still 
correlated with each other and of a similar abso- 
lute magnitude. It appears that the increase in 
total energy expenditure is a reflection of the 
increase in the resting energy expenditure com- 
ponent of total energy expenditure and suggests 
that in children, hGH has no discernable effect 
on activity levels. 

In conclusion, we have demonstrated that, in 
children undergoing hGH treatment, including 
those with normal variant short stature, clini- 
cally significant increases in fat free mass and 
body weight are detectable within six weeks of 
treatment. These changes are associated with 
increases in resting and total energy expendi- 
ture. Further studies are in progress to assess 
whether or not the extent of the observed 
changes are predictive of long term growth 
response to hGH treatment. 
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Abstract 

A two year prospective study identified 1922 
cases of meningitis in children under 1 year of 
age. A further 201 cases were identified from 
other sources. The annual incidence of 
meningitis during the first year of life was 1-6/ 
1000; during the first 28 days of life it was 
0-32/1000, and among postneonatal infants it 
was 1-22/1000. The male:female ratio was 
1-4:1. The overall case fatality rate was 19-8% 
for neonates and 5-4% for postneonatal 
infants. Two thirds of deaths identified in the 
study, 50% of all deaths, were not attributed 
to meningitis by the Office of Population Cen- 
suses and Surveys. Group B ß haemolytic 
streptococci (28%), Escherichia coli (18%), 
and Listeria monocytogenes (5%) were most 
frequently isolated from neonates and 
Neisseria meningitidis (31%), Haemophilus 
influenzae (30%), and Streptococcus pneumo- 
niae (10%) from postneonatal infants. At 2-6 
months of age N meningitidis meningitis was 
most common, and at 7-12 months H influen- 
zae predominated. Meningitis caused by 
group B ß haemolytic streptococci occurred 
up to 6 months of age and had a consistent 
mortality of 25%. Neonatal meningitis due to 
Gram negative enteric rods had a mortality of 
32%. Low birth weight was a significant pre- 
disposing factor for both neonates and post- 
neonatal infants. In both groups mortality was 
significantly higher among children admitted 
in coma. There was no seasonal variation in 
incidence in either group. Neonates were 
treated with either chloramphenicol (50%) or 
gentamicin (48%) usually in combination with 
a penicillin; 40% received a third generation 
cephalosporin. Of the 1472 postneonatal 
infants treated 84% received chloramphenicol 
with a penicillin and 10% received a third 
generation cephalosporin. Relapse occurred 
in 49 patients and three died. Eighteen babies 
coned as a result of raised intracranial pres- 
sure, including four neonates, and four died. 
Mortality among the 133 (7%) children who 
received steroids was significantly higher than 
in the rest of the study group. 


Meningitis in infancy is a life threatening in- 
fection with a high mortality. Neurological 
sequelae are common, especially in the newborn 
where long term effects are found in more than 
a quarter of survivors.'* Despite its serious 
nature there is little information on the inci- 
dence of meningitis in England and Wales. 
Although a number of centres, including the 
Communicable Diseases Surveillance Centre of 


the Public Health Laboratory Service and the 
Meningococcal Reference Laboratory, collect 
data provided to them on a voluntary basis there 
is known to be considerable under reporting. 
There is a high level of under reporting also 
in local studies, even for meningococcal 
meningitis.”° The only comprehensive infor- 
mation on the recent incidence of meningitis in 
Great Britain comes from a few independent 
studies with small numbers of patients. A study 
of cases from the North West Thames health 
region for the period 1969-73 identified 76 cases 
in newborn babies and 231 cases in postneonatal 
infants (28-365 days of age); the case fatality 
rates were 43% and 13% respectively.’ The inci- 
dence of meningitis in the newborn was 0°26/ 
1000 live births. Meningitis was diagnosed only 
at necropsy in 28% of fatal cases; many of them 
were not indexed by Hospital Activity Analysis 
(HAA). 

The present study was undertaken to deter- 
mine prospectively the incidence of meningitis 
among children under 1 year of age in England 
and Wales. 


Subjects and methods 

STUDY ORGANISATION 

With the collaboration of 566 consultant 
paediatricians we undertook to identify all cases 
of acute meningitis in children under 1 year of 
age in England and Wales from September 1985 
to August 1987. At the beginning of each month 
each paediatrician recetved a prepaid card 
which inquired whether they had managed any 
cases of acute infantile meningitis during the 
previous month. After each notification, clinical 
and laboratory information was collected on 
standard forms sent to the paediatrician and 
consultant microbiologist involved in the man- 
agement of each case. Written permission was 
obtained from the paediatricians so that infor- 
mation on cases notified in confidence to the 
Communicable Diseases Surveillance Centre, 
Colindale (CDSC) and the Meningococcal 
Reference Laboratory, Manchester, could also 
be used. Death certificates on all babies 
recorded as having died of meningitis were 
obtained from the Office of Population Cen- 
suses and Surveys (OPCS). 


ADMISSION CRITERIA 

The initial criterion for inclusion in the study 
was an “intention to treat’ by the paediatrician of 
babies with clinical signs and symptoms sugges- 
tive of meningitis. Babies who had viable bac- 
teria, viruses, or detectable bacterial antigen in 
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the cerebrospinal fluid or whose white cell 
counts in the cerebrospinal fluid were suffi- 
ciently abnormal (>20x10°) to warrant a 
diagnosis of meningitis were finally accepted 
into the study. Babies whose clinical condition 
was highly suggestive of meningitis but who 
were deemed too ill to warrant a lumbar punc- 
ture were also included. Babies with spina 
bifida and ventricular shunt infections were 
excluded. 

Bacterial isolates and residual samples of 
cerebrospinal fluid were sent to our centre when 
available. No attempt was made to influence the 
Management or treatment of babies admitted 
to the study nor to alter the protocol for 
local laboratory investigations carried out on 
samples. 


Results 

The monthly inquiry cards identified 1922 cases 
of meningitis in England and Wales during the 
two year period. Information on 201 additional 
cases (23 neonates; 133 postneonatal infants 
between 1 month and 1 year of age, and 45 
infants of unspecified age under 1 year) was 
obtained from the CDSC (n=138), the Mening- 
ococcal Reference Laboratory (n=27) and the 
OPCS (n=36). These 201 cases are included in 
the calculation of incidence and mortality but 
are excluded from other analysis. Information 
from all sources identified a total of 2123 cases 
of meningitis during the first year of life. The 
mean birth rate for England and Wales during 
the study period was 658 700 per annum; giving 
an annual incidence of meningitis during the 
first year of life of 1°61/1000. There were 423 
cases during the first 28 days of life (an inci- 


Table I Meningitis in the first year of life in England and 
Wales 1985-7: causative organisms. Results are number (%) 


Neonates Postneonatal 
(n=423) infants 


(n=1605) 
"Group B B haemolytic streptococci 118 (28) 50 (3) 
Escherichia coli 78 (18) 29 (2) 
Listeria monocytogenes 23 (5) lL (<1) 
Haemophilus influenzae 9 (2) 477 (30) 
Neisseria meningitidis 11 (3) 490 (31) 
Streptococcus pneumoniae 19 (5) 158 (10) 
Other Gram positive bacteria 15 (4) 26 (2) 
Other Gram negative bacteria 28 (7) 31 (2) 
Viruses 16 (4) 37 (2) 
Mycoplasma hominis 3 (<1) 1 (<D 
Candida albicans 4 (1) 5 (<1) 
Other microorganisms 5 (1) 9 (<1) 
Cerebrospinal fluid sterile or not 
collected 92 (22) 270 (17) 
Unknown 2 (<1) 21 (D) 
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dence of 0°32/1000) and 1605 cases in the period 
29-365 days (an incidence of 1-22/1000 popula- 
tion). There were another 95 cases (50 from the 
survey and 45 from other sources) among babies 
less than 1 year of age whose exact age was not 
known. The male:female ratio was 1:4:1 for 
both neonates and postneonatal infants. Culture 
results for the cases identified from all sources 
are shown in table 1. 

Of the 1922 cases of meningitis identified in 


our study, 400 were in babies less than 29 days 


of age and 1472 were aged 29-365 days. After 
the initial notification no further information 
was obtained on the remaining 50 babies and 
these are omitted from further analysis. The 
overall case fatality rate was 79/400 (19-8%) 
for neonates and 5:4% (79/1472) for postneona- 
tal infants. A total of 104 of 158 deaths (66%) 
identified by us were not coded as attributable 
to meningitis by OPCS. They account for 51% 
(104/201) of all deaths from meningitis in chil- 
dren under 1 year of age. In addition, 12% of 
the death certificates coded by OPCS as cases of 
meningitis contained no mention of the condi- 
tion. Among the deaths notified to OPCS were 
23 which were not notified to the study. Some 
of these are known to be infants who did not 
come to the attention of the paediatricians. 
Among babies whose cerebrospinal fluid cul- 
tures were positive, the overall mortality rate 
was 10% (29% for neonates and 6% for post- 
neonatal infants) in bacterial meningitis and nil 
in viral meningitis. There was a significantly 
higher mortality among babies with viable bac- 
teria in the cerebrospinal fluid compared with 
those with only a pleocytosis; for neonates 
(p<0-0001, odds ratio 10°44, confidence inter- 
vals 3-1 to 34°8); and for postneonatal infants 
(p<0°001, odds ratio 3°59, confidence intervals 
1-4 to 9-1). White cell counts in the cerebrospi- 
nal fluid were >100x 106/1 in 79%-of neonates 
and 85% of postneonatal infants. Only 8:5% of 
neonates and 6% of infants with culture positive 
meningitis had cerebrospinal fluid cell counts 
<10x 109. 

Clinical details on the 1872 patients at the 
time of diagnosis are shown in table 2. Pre- 
maturity and low birth weight were predispos- 
ing factors in both the neonatal and the post- 
neonatal infants groups. A birth weight of 
<2000 g was significantly more common in 
both patient groups (p<0- 001) than the 2:4% of 
the population in England and Wales with a 
birth weight of <2000 g.* Meningitis was 10 
times more common among neonates weighing 
<2000 g than those of >2000 g birth weight. 


Table 2 Clinical details at the time of diagnosis on 1872 babies with meningitis. Results are number (%) 








Total Neonates Postneonatal 
(n= 1872) (n=400) infants 
(n= 1472) 
Less than 30 weeks’ gestation 75 37 (9) 38 (3) 
Less than 2000 g at birth 163 78 (20) 85 (6) 
On admission: 
In coma 205 42 (11) 163 (11) 
Convulsions 325 82 (21) 243 (17) 
Rash 248 18 (5) 230 (16) 
Antibiotic treatment in previous 48 hours 420 82 (21) 338 (23) 
Congenital anomaly 107 29 (7) 78 (5) 
Hydrocephalus 46 12 (3) 34 (2) 
Previous surgery 68 13 (3) 55 (4) 
History of otitis media 120 120 (8) 
Antecedent history 275 39 (10) 236 (16) 
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Among postneonatal infants the ratio was 2°5:1. 
Twelve per cent of neonates and postneonatal 
infants were admitted in coma; in both groups, 
this was associated with a significantly increased 
mortality (p<0°0001). A rash was present at 
diagnosis in 16% of infants, but only 5% of 
neonates. All of the babies with a history of oti- 
tis media were in the infant group. Recent 
upper respiratory tract infection or other ante- 
cedent history of infection was also more com- 
mon among infants (16%) than neonates (10%). 
Altogether 94% of infants and 45% of neonates 
with meningitis were admitted from home and 
23% had received antibiotics from the general 
practitioner before admission. There was no 
seasonal variation in incidence of meningitis in 
either group of patients. 

Seventy one babies did not have a sample of 
cerebrospinal fluid taken before treatment, 
because either they were considered to be too 
sick or the procedure failed; 23/71 (32%) of 
these babies died compared with 7% of babies 
who had cerebrospinal fluid collected. Mid- 
treatment samples of cerebrospinal fluid were 
collected from 41% of patients and samples after 
treatment from 20%. 

Most patients received more than one antibio- 
tic, only 172 (1%) received monotherapy. The 
number of babies who received each antibiotic 
and the percentage of neonates and infants tre- 
ated with each antimicrobial agent are shown in 
table 3. In half the neonates the regimen was 
based on chloramphenicol and in half on genta- 
micin. In addition most patients received peni- 
cillin, ampicillin, or a third generation cephalos- 
porin. 

Among infants chloramphenicol was the most 
widely used antibiotic (84%) usually in com- 
bination with penicillin or ampicillin. Third 
generation cephalosporins were used for the 
treatment of 46% neonates but only 14% of 
postneonatal infants. No babies received 
cephalosporin only. Sulphonamides were inclu- 
ded in the treatment regimens of 11% neonates 
and 17% of postneonatal infants. 

Fifty eight per cent of patients were treated 
for seven to 14 days and 12% for 21 days. Alto- 
gether 29% of neonates compared with 14% of 
postneonatal infants were treated for more than 
14 days. Antibiotic treatment was changed after 
sensitivity testing in 15% of neonates and 6% of 
postneonatal infants. Seven hundred and thir- 
teen patients received barbiturates (50% of 
neonates and 40% of postneonatal infants) and 


Table 3 Antibiotic treatment of 1872 babies with 
meningitis. Results are number (%) 


Total Neonates  FPostneonatal 

(n=1683*! (n=360*/ infants 

1872) 400) (n=1323*/ 

1472) 

Chloramphenicol 1293 180 (50) 1113 (84) 
Gentamicin 284 174 (48) 110 (8) 
Other aminoglycosides 45 30 (8) 15 (1) 
Penicillin 1220 225 (62) 995 (75) 
Ampicillin 377 79 (22) 298 (23) 
Other penicillins 46 27 (7) 19 (2) 
Cefotaxime 202 94 (26) 108 (8) 
Ceftazidime 84 54 (15) 30 (2) 
Other cephalosporins 71 20 (5) 51 (4) 
Sulphonamides 259 40 (11) 219 (17) 


Other antibiotics 18 9 (2) 9 (1) 


*Patients with treatment data. 
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133 received steroids (7% of neonates and 8% of 
postneonatal infants); included in these figures 
are 96 patients who received both. Ten per cent 
of neonates and 26% of postneonatal infants 
who died had received steroids. Convulsions at 
the time of diagnosis were reported in 325 
babies, 17% of the study population. Postmor- 
tem examinations were carried out on 70/159 
babies who died (44%). 

Ventriculitis, hydrocephalus, or convulsions 
were reported as complications in 346 (21%) of 
patients and were more common in the newborn 
(33%) than in postneonatal infants (18%). Forty 
nine patients relapsed after treatment: 15 (5%) 
neonates and 34 (3%) postneonatal infants; 
three of these died. Among patients who 
relapsed 21% were in coma on admission com- 
pared with approximately 11% for the total 
group; 25% had already received treatment for 
more than 21 days compared with 6% for the 
total population. Only 9% of patients who 
relapsed received antibiotics before admission 
compared with more than 20% of the total 
population. The white cell count in the cere- 
brospinal fluid among patients who relapsed 
was not different from that of the total popula- 
tion. Thirty one (86%) had cell counts >100x 
10°/ cerebrospinal fluid at the time of the first 
diagnostic tap compared with 81% of the total 
population. 

Paediatricians reported that 18 babies coned 
after lumbar puncture (four neonates and 14 
postneonatal infants) as a result of raised intra- 
cranial pressure; four of them died. All the 
babies who coned weighed more than 2000 g at 
birth but three were less than 36 weeks’ gesta- 
tion. Twelve (66%) were feverish (>38°C) at the 
time of diagnosis and only one had received 
antibiotics during the previous 48 hours, four 
were admitted in coma, four had convulsions, 
and one had a rash. None of the patients who 
coned had a congenital anomaly, one had 
developed hydrocephalus before admission, and 
one had a history of otitis. Results from the 
cerebrospinal fluid were available from 15 of the 
patients who coned; in 14 (93%) the white cell 
count was >100x 106/1. The course of the illness 
for 12/16 (75%) patients who coned was compli- 
cated by convulsions, ventriculitis, or hydro- 
cephalus compared with 21% of the total popu- 
lation. Information on the other two patients 
was not available. Two patients relapsed after 
treatment was completed. 

The organisms isolated from the cerebro- 
spinal fluid are shown in table 1. Among 
neonates, group B P haemolytic streptococci 
were most frequently isolated followed by E coli 
and L monocytogenes. A wide range of other bac- 
teria were implicated in neonatal meningitis 
whereas among postneonatal infants N menin- 
gitidis, H influenzae and S pneumoniae accounted 
for 70% of all cases and 89% of bacteriologically 
proved meningitis. The case fatality rate was 
highest in neonates with meningitis due to 
enteric Gram negative rods: 32% compared with 
22% for group B ß haemolytic streptococcal 
meningitis, 5% among cases due to L monocyto- 
genes, and 2% among culture negative cases. 

E coli and group B ß haemolytic streptococci 
were also significant causes of meningitis 
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Table4 Meningitis in the first year of life in England and 
Wales 1985-7: death by organism. Results are number (%) 


Neonates Postneonatal 
(n=400) infants 


(n= 1472) 
Group B B haemolytic streptococci 27/112 (24) 11/44 (25) 
Escherichia coli 18/72 (25) 5/27 (19) 
Listeria monocytogenes ns (11) 0l 
Haemophilus influenzae 2/9 (22) 17/445 (4) 
Neisseria meningitidis 0/10 19/433 (4) 
Streptococcus pneumoniae 3/18 (17) 12/150 (8) 


Other Gram negative organisms 13/26 (50) 5/27 (19) 
Other Gram positive organisms 5/14 (36) 3/23 (13) 


Viruses 0/16 0/37 
Mycoplasma hominis 2/3 (66) 0/1 
Candida albicans 3/4 (75) 1/5 (20) 
Other microorganisms 1/5 (20) 1/9 (11) 
Sterile cerebrospinal fluid 3/92 (3) 5/276 (2) 
Total No deaths 79 79 


outside the neonatal period and together 
accounted for 8% cases during the second to 
sixth months of life. Throughout the first year 
of life meningitis due to E coli and group B ß 
haemolytic streptococci was associated with a 
high mortality rate. Cases and deaths by organ- 
ism for patients in the two groups are shown in 
table 4. Meningitis was most common during 
weeks one and three of life. N meningitidis (29%) 
was the commonest cause of meningitis in chil- 
dren 2-6 months of age, and among children 
aged 7-12 months H influenzae (46%) was most 
frequently isolated. The mortality rate among 
postneonatal infants infected with S pneumoniae 
was twice as high (6%) as that after infection 
with meningococci or haemophilus. 


Discussion 

This study confirms recent reports that mening- 
itis in England and Wales is still significantly 
under reported.”°® Detailed observations on 
reporting will be the subject of a separate com- 
munication. Information on a large number of 
cases notified to us was not sent to CDSC or the 
Meningococcal Reference Laboratory. Consul- 
tant paediatricians notified us of 158 babies who 
had died of meningitis; 104 (66%) of these were 
not coded by OPCS as cases of meningitis. In 
addition there were 43 children who died of 
meningitis, 22% of all deaths, who were not 
notified to the study. Subsequent inquiry 
revealed that many of these cases had not come 
to the attention of the paediatricians. This 
figure (22%) compares with the 29% reported 
by Goldacre for infants in whom meningitis was 
diagnosed only at necropsy.’ Accurate calcula- 
tion of the mortality associated with meningitis 
during the newborn period is now impossible as 
OPCS no longer report the causes of death 
occurring during the first 28 days of life. It is 
disturbing that 12% of death certificates for 
babies coded by OPCS as having died from 
meningitis contained no mention of this condi- 
tion. 

The incidence of neonatal meningitis in our 
study (0°32/1000 live births) is higher than that 
reported by Goldacre (0°26/1000 live births) for 
the period 1969-73, using essentially the same 
diagnostic critiera.’ This would support the 
suggestion that the incidence of meningitis 
among the newborn is increasing; however, 
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comparison of the figures for the North West 
Thames hospital region for 1968+73 and 1985-7 
shows no increase. There were 16 cases of 
neonatal meningitis per year for the period 
1968-73 compared with 10 per year during 
1985-7. Among postneonatal infants there were 
46 and 40 cases per year respectively. Although 
there may have been no increase in the inci- 
dence of meningitis, the case fatality rate for 
neonatal meningitis has fallen from 43% 
reported by Goldacre to 20% in the present 
study. Among postneonatal infants the mortal- 
ity rate has fallen from 13% for the period 1969- 
73 to 5% for the period 1985-7. 

Meningitis occurred significantly more fre- 
quently (p<0-001) among neonates who were 
born prematurely or were of low birth weight 
confirming previous reports. ? There was a signi- 


ficant association also (p<0'001) between low ` 


birth weight (<2000 g) and meningitis among 
postneonatal infants compared with the national 
incidence of birth weight below 2000 g.? 
Meningitis due to Gram negative organisms 
has a higher mortality than that due to Gram 
positive bacteria, as has been reported 
previously.!° !! Mortality is significantly lower 
for postneonatal infants in general but it 
remains high throughout the first year of life for 
babies infected with E coli and group B B 
haemolytic streptococci. Irrespective of the cli- 
nical presentation or the number of white cells 
present in the cerebrospinal fluid, mortality was 
significantly lower for both neonates and post- 
neonatal infants whose cerebrospinal fluid cul- 
ture results were negative. Some of these may 
have been cases of undiagnosed viral mening- 
itis, and in others the prompt use of antibiotics 
by the general practitioner may have effectively 
sterilised the cerebrospinal fluid before a lum- 
bar puncture was performed. 

In the majority of laboratories in England and 
Wales viral studies are not part of the routine 
investigation of suspected infantile meningitis. 
Chonmaitree et al studied 111 patients who had 
viral investigations because of suspected men- 
ingitis; 63 of these patients were under | year of 
age.!? Enteroviruses were isolated from 46 
(41%) of the population and from 60% of those 
under 1 year of age. The isolation of a virus 
shortened hospital stay and reduced the unnec- 
cessary use of antibiotics. Clearly, viral culture 
of cerebrospinal fluid and other appropriate 
specimens, together with serology, should be 
part of the routine investigation of meningitis in 
the very young. 

Only 133 (7%) of the study population 
received steroids during the acute phase of their 
illness. Mortality among those receiving ster- 
oids was significantly higher (p<0-001) than for 
the remainder of the population. This is not in 
agreement with other studies and probably 
reflects the use of steroids in the most severely 
ill patients. In controlled studies on the use of 
dexamethasone in the treatment of meningitis, 
Lebel et al reported that administration before 
the first dose of antibiotics does not effect the 
mortality rate but reduces the duration of fever 
and significantly lowers the incidence of sensor- 
ineural hearing loss associated with acute bacte- 
rial meningitis.'* The beneficial effects of 
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dexamethasone have been reported by other 
workers also. 4 1° No information is available on 
the duration of fever in the group treated with 
steroids in our study. We are currently follow- 
ing up the study population, and matched con- 
trols, until the fifth birthday in order to deter- 
mine the incidence of deafness and other long 
term sequelae from infantile meningitis. 


We thank ail the paediatricians and microbiologists concerned in 
this study for allowing us to study their patients and for so will- 
ingly providing the information requested. Without their cooper- 
ation this study would not have been possible. The study was 
supported financially by donations received by the Karim Centre 
for Meningitis Research. 
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Autism, gene pools, and the Mormons 

Autism affects between two and five of every 10 000 and is three 
or four times more common in males than females.! The cause is 
unknown but genetic factors seem more important than acquired 
disease. The concordance rates are 64% in dizygotic and 9% in 
monozygotic twins. An epidemiological survey of the state of Utah 
has provided useful information. A total of 241 people with autism 
were ascertained and the medical records of 233 of them and of 62 
of their non-autistic siblings were examined (Mason-Brothers et 
al, Pediatrics 1990;86:514-9). There were no significant differ- 
ences between autistic and non-autistic subjects as regards prena- 
tal, perinatal, or postnatal factors. 

Previously published results from the same survey gave usable 
information for genetic counselling.? The recurrence risk overall 
was 8°6% but it varied according to the sex of the first autistic 
child; if the first child was male the recurrence risk was 7%, if 
female 14°5%. The authors are careful to point out that the 
strength of the Mormon church in Utah does not appear to have 
had any significant effect on the gene pool. 
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Increasing incidence of coeliac disease in Sweden 


H Ascher, I Krantz, B Kristiansson 


Abstract 

Changes in the incidence of coelic disease was 
studied among children born in Göteborg, 
Sweden, between 1970 and 1988. A total of 
188 patients with coeliac disease were found. 
Of these, 83% were less than 2 years old at the 
time of their first duodenal biopsy and 74% of 
them have so far been verified according to 
the criteria of the European Society for Gas- 
troenterology and Nutrition (ESPGAN). The 
cumulative incidence at 2 years of age/1000 
liveborn infants increased significantly from 
0-31 in the first birth cohort to 2-93 in the last. 
This increase could only partly be explained 
by improvements in detection. Weight for age 
at diagnosis was generally considerably below 
the reference value, but was slightly less 
affected towards the end of the period. The 
increase in incidence of coeliac disease is the 
first reported since the middle 1970s and 
makes the disease one of the most common 
chronic diseases among Swedish children. 


Since the middle of the 1970s, coeliac disease in 
childhood has been reported to be decreasing in 
England,!~* Scotland,” and Ireland.® The inci- 
dence and clinical picture have remained 
unchanged in Italy.’ In Finland a decrease in 
the number of cases diagnosed, together with a 
changing clinical pattern of a late start and mild 
course, led to the conclusion that the real inci- 
dence was probably unchanged.’ 

In this study we report the changes in the 
incidence of childhood coeliac disease during 
the last 20 years in Göteborg, the second largest 
city ın Sweden, which had 435 842 inhabitants 
in 1979 (the middle of the study period) and a 
computer based population register. The city, 
like Sweden in general, has a comprehensive 
child health service with child health centres 
attended by 98% of all infants and young 
children.” 


Patients and methods 
All children with coeliac disease who were 
attending the Department of Paediatrics, Uni- 
versity of Gothenburg, at East Hospital, Göte- 
borg, Sweden were investigated retrospectively. 
The hospital has the only paediatric department 
in the city and is the only place where small 
intestinal biopsy is done. All children with 
coeliac disease born between 1970 and 1988 
were identified. Those born outside the city 
were excluded. The starting year 1970 was 
chosen because small intestinal biopsy was not a 
routine investigation before that. 

To confirm the diagnosis of coeliac disease, at 
least three small intestinal biopsy specimens 


were taken when the child was eating different 
diets according to the criteria of the European 
Society for Gastroenterology and Nutrition 
(ESPGAN).'® !! Four children, born in 1971, 
1972, 1973, and 1980 (the first of them being 
more than 2 years old at the time of the first 
small intestinal biopsy) were regarded as veri- 
fied according to the ESPGAN criteria, 
although they had not had a small intestinal 
biopsy specimen taken while on a gluten free 
diet. Children with typical symptoms, an initial 
flat mucosa, and a distinct clinical response to a 
gluten free diet but who had not yet fulfilled all 
the criteria, were also included in the study. 
Children with suspected coeliac disease but with 
a less convincing clinical course or histopatho- 
logical changes were excluded. 

The small intestine was biopsied under 
fluoroscopic control with a Watson capsule, 
paediatric size. The histopathological picture 
was classified according to a five point scale by a 
pathologist who specialised in gastroenterologi- 
cal pathology.'? 

The age at diagnosis, defined as the time of 
the first small intestinal biopsy, was deter- 
mined. Cases diagnosed before the age of 2 
years were identified. The number in each birth 
cohort was divided by the number of liveborn 
infants in Göteborg of that year, giving the 
cumulative incidence at the age of 2 years for 
each birth cohort. For each patient who was 
less than 2 years old at the time of diagnosis, the 
weight for age at the first biopsy expressed as 
SD scores of the reference population was 
calculated.’ Weight for age, onset of symp- 
toms, and time from onset to diagnosis, were 
consecutively recorded and extracted. 

To analyse the significance of differences 
between proportions we used the x° test. Linear 
regression was used to assess time trends. 


Results 

Altogether 188 children with coeliac disease 
born between 1970 and 1988 were investigated 
and treated at the department of paediatrics up 
to 1 June 1990. Of the total, 134 (71%) have 
been verified according to the ESPGAN 
criteria.!? } 

Between 1971 and 1975, a mean of five new 
cases of coeliac disease were diagnosed each year. 
This number increased to 18 for the years 1985- 
9 (fig 1). At the time of diagnosis 156 children 
(83%) were less than 2 years old. Of these, 116 
(74%) have been verified according to the 
ESPGAN criteria so far (table). Only 10 of the 
188 children (5%) were more than 7 years old. 
Between 1970 and 1977 only children less than 2 
years old were diagnosed as having coeliac dis- 
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Figure 1 New cases of coelic disease by age group and year of first small intestinal biopsy. 


Number of patients and cumulative incidence of coeliac disease at 2 years of age/1000 liveborn infants 


Year of birth Total No Verified accordıng 
to ESPGAN 
criteria 

1970 2 2 

1971 4 3 

1972 9 8 

1973 6 5 

1974 4 4 

1975 3 3 

1976 8 7 

1977 10 10 

1978 5 5 

1979 6 4 

1980 5 3 

1981 6 4 

1982 8 8 

1983 10 10 

1984 8 7 

1985 17 I5 

1986 14 9 

1987 13 7 

1988 18 2 

Total 156 116 


ease. Not until 1979 was the diagnosis applied 
to children over 7 years of age (fig 1). Of the 
188 patients, 13] (70%) were girls, which is 
significantly more than the expected number 
(p<0-001). The preponderance of girls did not 
change during the period of investigation. 

The cumulative incidence at 2 years of age for 
each birth cohort increased from 0°31/1000 Hve- 
born infants in 1970 to 2°93/1000 in 1988 (table, 
fig 2). The last figure is a minimum, because 
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Figure2 Cumulative incidence of coelic disease at 2 years 
of age/1000 liveborn infants by birth cohort. 


Two small One small Cumulative 
intestinal biopsy intestinal biopsy incidence 
Specimens taken specimen taken 

0 0 0°31 
0 l 0°60 
0 1 1:44 
0 l 1-01 
0 0 0°67 
0 0 0°54 
0 1 1:53 
0 0 1°96 
0 0 1-02 
2 0 1-18 
l l 0-99 
0 2 1:22 
0 0 1-57 
0 0 2°06 
0 I 1:54 
2 0 3-19 
2 3 2°58 
4 2 2°21 
6 10 2°93 
17 23 


not all children in the last cohort had reached 
the age of 2 years by the end of the study period. 
A linear regression was fitted to the data. The 
regression (b), that is the average yearly increase, 
was 0°12/1000/year (p<0-0001, SE 0:02). 

In the group in which coeliac disease had 
been diagnosed before the age of 2 years, the age 
at the onset of symptoms increased from a mean 
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Figure3 Weight attained at the time of first small intestinal 
biopsy in children with coeliac disease <2 years of age related 
to their birth year. 
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Figure4 Age at diagnosis of coelic disease related to birth cohort (fields within oblique lines) and year of diagnosis. Solid 


circles indicate patients with coelic disease. 


of 6:7 months in the first half of the observation 
period to 82 months in the second half 
(p<0-0004, b=0-17, SE 0-05). 

The age at diagnosis increased from a mean of 
12°4 months in the first half of the observation 
period to 13-4 in the last five months (p<0°05, 
b=0-14, SE 0-07). The mean time between 
onset and diagnosis did not change signifi- 
cantly, being 5:3 months for the whole period. 

Weight at the time of diagnosis among chil- 
dren with coeliac disease diagnosed before the 
age of 2 years was generally far below the refer- 
ence mean (fig 3). When a linear regression was 
fitted to the data, a slight but significant 
increase was found (p=0'0001, b=0:06, SE 
0-02), but variations in weight increased during 
the second half of the 1980s. 


Discussion 

We have retrospectively studied the incidence 
of coeliac disease in birth cohorts born in Göte- 
borg from 1970 to 1988, and found a threefold 
increase over the period. Of the 188 children 
studied, 83% were less than 2 years old at the 
time of the first small intestinal biopsy. 

The first Swedish studies of children using 
the same diagnostic criteria as we used showed 
an incidence of between 1:02 and 1:16/1000 
liveborn infants.'* ® Later reports showed that 
the incidence was unchanged.'*1® In another 
Swedish study 1866 healthy blood donors were 
tested with antigliadin antibodies and those 
with increased titres were offered a small intesti- 
nal biopsy.'? An incidence of coeliac disease of 
37/1000 was found. 

In other parts of Europe, coeliac disease was 
reported to be increasing until the middle of the 
1970s.! 4 5 7 20 21 This was probably the result 


of a more active diagnostic approach, particu- 
larly the increased use of small intestinal biopsy 
in clinical practice. Since the second half of the 
1970s, only decreasing! or unchanged’ ® inci- 
dences have been reported, and the figures have 
varied among populations. Some differences are 
the result of varying diagnostic criteria, and 
others of the lack of standardised epidemiologi- 
cal approaches with subsequent difficulties in 
comparison. Some studies were based on figures 
without relation to a population.* 7? 

One important problem of longitudinal epi- 
demiological studies is that of the duration of 
observation periods of the different birth 
cohorts (fig 4). To avoid a systematic error with 
overestimation of the incidence in the older 
cohorts, it is necessary to maintain the same 
observation time. A choice must be made 
between a shorter observation time that will 
exclude the cases that were diagnosed later, and 
a longer observation time resulting in a long 
delay before changes can be identified. 

Another problem arises when the total popu- 
lation is divided by the number of cases. The 
cases must be derived from the birth cohorts 
which constitute the population at risk. In this 
study children from the surrounding areas 
treated in the department, and children who 
had moved to Göteborg before or after the 
diagnosis was made, were excluded. Children 
with coeliac disease who were born in Géteborg 
but in whom the diagnosis was made after 
they had moved away from the city were impos- 
sible to trace and therefore could not be inclu- 
ded in the study. Consequently our cumulative 
incidence represents a minimum. The number 
of liveborn children in Göteborg varied between 
4845 and 6694/year during the study period. 

The migration of the population is yet 
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another problem in epidemiological studies. 
The inward migration of cases and population 
was well controlled in this study. The occurr- 
ence of coeliac disease in the population is not 
likely to differ between the part of the popula- 
tion that stays and the one that migrates out of 
the city. As we divided the number of cases into 
the number of liveborn infants, however, and 
not into the actual number of the cohort who 
lived in Göteborg, there will be a systematic 
error that will increase with migration out of the 
city related to a longer observation time. The 
number of children with coeliac disease within 
the birth cohort but in whom the disease was 
diagnosed after they had moved away from the 
city will also add to the systematic error with the 
observation time. There are two ways to adjust 
for these processes: one is to use a ‘life-table’ 
approach, in which the lost part of the cohort is 
subtracted and the cases are divided into the 
‘true’ denominator. The other approach is to 
include only the cases in which coeliac disease 
was diagnosed during a short observation time, 
for example before 2 years of age, as was done in 
this study (fig 4). With the last method the 
problems will be considerably reduced. 

Our study is the first to our knowledge to 
report an increasing incidence in coeliac disease 
since the beginning of the 1970s. The incidence 
is one of the highest ever reported, and even 
higher than those reported from Galway, Ire- 
land 1960-7077 and from Austria 1969-72,” 


. making coeliac disease one of the most com- 


mon of the chronic diseases in Swedish children 
today. 

In the last cohorts a lower proportion of cases 
have fulfilled the ESPGAN criteria so far. This 
could not explain the observed increase, 
however, because the number with transient 
gluten intolerance is low and has been decreas- 
ing in our area, as in other parts of Sweden. ?° In 
addition, all doubtful cases were excluded from 
the study. 

The increase could consequently not be 
explained by systematic errors or shortcomings 
in the methods used. Could it be the result of 
improved detection? Throughout the study, the 
same diagnostic criteria were used, and the 
biopsy specimens were examined by the same 
two pathologists. The ability to detect and inter- 
pret deviations in growth velocity, however, is 
thought to have improved among physicians 
and nurses at child health centres. Screening 
tests for antigliadin antibodies have been in 
clinical use in the area since the beginning of the 
1980s. There is also an increasing awareness of 
the existence of coeliac disease both among 
medical staff and the general public. Conse- 
quently there has been an increase in the 
number of small intestinal biopsies done in the 
department during the study period, and the 
weight for age at diagnosis has slightly 
increased (fig 3). All these factors support 
improved detection as an explanation for the 
increased incidence. On the other hand, the 
cases with high weight SD scores could only 
explain part of the increase (fig 3) and the delay 
between the onset of symptoms and diagnosis 
did not change significantly. We also doubt that 
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a different rate of detection could be the sole 
reason for the different incidence trends in dif- 
ferent countries. This indicates that detection 
bias could only partly explain the observed 
increase. 

We have found a threefold increase in the 
incidence of coeliac disease over the last 20 
years. Our data indicate that only a small part of 
this increase may be explained by increased 
diagnostic activities or improved clinical detec- 
tion or screening. Other factors that may influ- 
ence the incidence of coeliac disease, such as 
feeding patterns and gluten consumption, are 
currently being investigated. 


The study was supported by grants from the Göteborg Medical 
Society, Gothenburg University, the First of May Flower Annual 
Campaign for Children’s Health, and the Wilhelm and Martina 
Lundgren Foundation. 
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Glucose tolerance in cystic fibrosis 


Susanne Lanng, Birger Thorsteinsson, Gunna Erichsen, Jørn Nerup, Christian Koch 


Abstract 

Glucose tolerance was evaluated in 356 living 
and dead patients with cystic fibrosis who 
were recorded at the Danish Cystic Fibrosis 
Centre. Twenty two patients (6%) were tre- 
ated elsewhere, 25 (7%) were unable, unwill- 
ing or too young (age <2 years) to participate; 
309 patients (87%) were therefore eligible for 
the study of whom 99 (32%) were dead and 210 
(68%) were alive. Of the dead patients, 13 also 
had diabetes mellitus (13%). Of the living 
patients (median age 14 years, range 2-40), 
nine (4%) were known to have diabetes and all 
were being treated with insulin. In the remain- 
ing 201 patients an oral glucose tolerance test 
(1-75 g/kg body weight, maximum 75 g) was 
carried out. A total of 155 patients (74%) had 
normal glucose tolerance, 31 (15%) had 
impaired glucose tolerance, and 15 (7%) had 
diabetes mellitus according to the WHO cri- 
teria. The percentage of glycated haemoglo- 
bin (HbA,.) (reference range 4-1-6-4%) 
increased significantly as glucose tolerance 
decreased: when glucose tolerance was nor- 
mal the median was 5-2%; when it was 
impaired the figure was 5-5%; m patients 
whose diabetes was diagnosed by the oral glu- 
cose tolerance test it was 5-9%; and in 
patients already known to have diabetes melli- 
tus it was 8-6%. The incidence and prevalence 
of impaired glucose tolerance and diabetes 
mellitus increased with age. From the age of 
15 to 30 years the decrease in the prevalence 
of normal glucose tolerance was almost 
linear. Within this age span the proportion of 
patients with cystic fibrosis with normal glu- 
cose tolerance was reduced by roughly 5%/ 
year. Only 35% (95% confidence interval (CI) 
22 to 48%) of the patients with cystic fibrosis 
who were alive at the age of 25 years had nor- 
mal glucose tolerance; 32% (95% CI 14 to 
49%) were diabetic. 

The prevalence of glucose intolerance in 
cystic fibrosis is rapidly increasing with age; 
its potentially harmful effect on the prognosis 
of cystic fibrosis is of increasing importance 
as the length of survival of these patients 
increases. 


Cystic fibrosis is an autosomal recessive dis- 
order that affects many organs including the 
pancreas. In addition to insufficiency of pan- 
creatic exocrine function, there is a high inci- 
dence of pancreatic endocrine dysfunction. 
Early studies described glucose tolerance in the 
disease,! * but an association between diabetes 
mellitus and cystic fibrosis was recognised in 


1955.7 Since then many investigators have 
reported glucose intolerance and diabetes melli- 
tus as common problems in cystic fibrosis.*-”? 

The prevalence of glucose intolerance in cys- 
tic fibrosis increases with age,’ and because of 
the increased life expectancy of patients with 
cystic fibrosis,” ?° the possible adverse effect 
of glucose intolerance on prognosis has become 
increasingly relevant in recent years.” Previous 
studies have included only a limited number of 
patients, often highly selected, and have applied 
various diagnostic criteria of glucose intoler- 
ance. We therefore studied the prevalence of 
impaired glucose tolerance and diabetes melli- 
tus (WHO criteria) in a large group of 
unselected patients followed up at the Danish 
Cystic Fibrosis Centre. 


Subjects and methods 

Since the foundation of the Danish Cystic Fib- 
rosis Centre in 1949, 356 patients (181 men) 
have been followed up at the centre. The 
diagnosis of cystic fibrosis was based on the pre- 
sence of abnormal electrolyte concentrations in 
sweat and a typical clinical picture.” ** By 
October 1989, 99 patients (50 men) had died, 
and 22 (12 men) had been treated elsewhere. 
From the records of the dead patients, informa- 
tion was obtained about sex, age at death, 
family history of diabetes, presence or absence 
of diabetes mellitus (diagnosed by raised blood 
glucose concentration or glycosuria, or both), 
and, if they were diabetic, the age at the time of 
diagnosis of the diabetes. 

Of the 235 patients (119 men) currently 
attending the clinic regularly, 210 (89%) 
patients (104 men) were willing to participate in 
the study. Reasons given for not taking part 
were: unwillingness (n=9), inability because of 
mental disease (n=3), and age less than 2 years 
(n=13), which was the minimal age for inclu- 
sion. The median age of the 210 patients was 14 
years (range 2—40), median height I52 cm 
(range 81-190), and median weight 40 kg (range 
10-84). One hundred and twenty three patients 
had chronic infections with Pseudomonas aerugt- 
nosa. 

We recommend a normal balanced diet for 
our patients preferably one with a high energy 
content. We did not give nutrients or fluids 
either parenterally or by nasogastric tube. 

Nine of the 210 patients were known to have 
diabetes mellitus (4%); all were being treated 
with insulin. The remaining 201 patients (99 
men) underwent an oral glucose tolerance test 
according to the WHO recommendations.?? 
Briefly, after an overnight fast the patient was 
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given 1:75.g glucose monohydrate/kg body 
weight (maximum 75 g), dissolved in 2-300 ml 
of lemon flavoured water, over 3-4 minutes. 
Capillary plasma glucose concentrations were 
measured before, and 60 and 120 minutes after, 
the glucose load. During the study the patient 
was resting, fasting, and did not smoke. 

After completion of the glucose tolerance 
test, blood was sampled for estimation of gly- 
cated haemoglobin (HbA,,), assessment of mea- 
sures of liver function, and presence of P aerugi- 
nosa precipitins. A pulmonary function test was 
done for all patients over 6 years old. Finally, 
the patient (or the relatives) was asked about the 
daily number of pancreatic enzyme capsules 
taken (used as a measure of the exocrine pan- 
creatic function), the family history of diabetes, 
and the use of any drugs with a potential for 
influencing glucose tolerance. 

The capillary plasma glucose concentration 
was measured with a glucose dehydrogenase 
method (Merck).*° According to the WHO 
criteria,” a capillary plasma glucose concentra- 
tion of 8-8 mmol/l or less at two hours was con- 
sidered as normal glucose tolerance, a value of 
8-9-12'1 mmol/l indicated impaired glucose tol- 
erance, and a value of 12:2 mmol/l or more was 
diagnostic of diabetes mellitus. 

HbA,. was measured as previously de- 
scribed?!; the reference range is 4°1-6°4%. 
Precipitins against P aeruginosa were measured 
by Hgiby’s method.” 

Pulmonary function was assessed by forced 


vital capacity (FVC) and forced expiratory. 


volume in one second (FEV ,), and recorded on 
an electronic spirometer (Spiroton, Draeger). 
The results are expressed as percentages of the 
reference values for sex and height in patients 
less than 20 years old” and sex, height, and age 
in patients aged 20 years or more.”* 


The study was conducted in accordance with 


the Declaration of Helsinki (Tokyo revision) 
and was approved by the municipal medical 
ethics committee of Copenhagen and Frederiks- 
berg. Informed consent was obtained from all 
participants or their parents, or both. 

The statistical evaluation includes non- 
parametric tests (Kruskal-Wallis test, Mann- 
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Whitney test, Fisher’s exact test) and life table 
analysis; a probability of less than 0°05 (two- 
tailed) was accepted as significant, and 95% 
confidence intervals (CI) were calculated. Data 
are presented as median (ranges) unless other- 
wise stated. 


Results 

Thirteen of the 99 dead patients had had diabe- 
tes mellitus (13%); five had been treated with 
insulin. In 74 patients (75%) diabetes mellitus 
had not been diagnosed, and in 12 patients 
(12%) it was not possible to establish whether 
they had been diabetic or not. Diabetes mellitus 
was diagnosed at the median age of 16 years 
(range 6-32). Four patients had been diabetic 
for a median of 4 years (range 3-13) before 
death (two were treated with insulin), whereas 
nine became diabetic within their last year, 
including four in whom glycosuria was a termi- 
nal event. The median age of the diabetic 
patients was 23 years (range 6-33) at the time of 
death. There was a nn ‚history of „diabetes 
betic themselves. 

Glucose intolerance was found in 55 of the 
210 who were still alive (26%), including 24 
with diabetes mellitus (11%). The latter preva- 
lence does not differ from the prevalence of 13% 
among the dead patients (p=0°80). 

HbA,, increased significantly as glucose tol- 
erance decreased (table). In patients with 
normal or impaired glucose tolerance and with 
diabetes mellitus diagnosed by glucose tolerance 
test, the percentages of HbA,. were, however, 
within or close to the reference range, and the 
ranges of HbA,. values overlapped between 
groups though to a lesser extent for known 
diabetes mellitus. 

In the patients known to have diabetes, it had 
been diagnosed at a median age of 15 years 
(range 3-24). This is no different from the 
median age at diagnosis (16 years) in the 13 
deceased patients with diabetes (p=0°46). Only 
two patients developed diabetes before the age 
of 10 years (at the ages of 3 and 8 years, respec- 
tively). They both presented with ketonuria and 


Characteristics of endocrine and exocrine pancreatic function and pulmonary function in 210 patients with cystic fibrosis 
classified according to WHO criteria of glucose tolerance. Data for FEV, and FVC measurements are taken from 115 
patients with normal glucose tolerance and 28 with impaired glucose tolerance, all more than 6 years old. Figures are median 


(range) except where otherwise stated 


Normal Impaired Diabetes mellitus 
glucose glucose 
tolerance tolerance Diagnased by Known Total 
oral glucose cases 
tolerance test 
No (%) of patients 155 (74) 31 (15) 15 (7) 9 (4) 24 (11) 
Age (years) 11:4 (2-38) 18:3 (4~28)* 22°0 (14-40)*§ 20-0 (14-28)* 21:5 (1440)*$ 
Plasma glucose concentration 
(mmol/l): 
Fasting 5-3 (3-8-6°8) 5-3 (3-9-6°9) 5-7 (4:2-8-0)} Not known Not known 
After one hour 10:0 (5°3-16°0) 11:5 (8-7-17-4)* 15°4 (10°5-21-0)*£ Not known Not om 
After two hours 6°4 (2°5--8'8) 10:3 (8-9-12-0) 14°6 (12°4-21°0) Not known Not known 
HbA. (%) 52 (4°1-6°2) 5:5 (4°-4-6°3)* 5°9 (5°2-7°0)*$ 8°6 (5*7—14°8)*$i] 64 (5*2-11°8)*4| 
FEV, (% of normal) 77 (16-128) 6) (27-121) 59 (25-100) 39 (26-92)* 52 (25-110)* 
FVC (% of normal) 89 (34-150) 84 (44-123) . 75 (45-126) 57 (28-101)*§¢ 72 (28-126)}} 
Ne of precipitins against 
P aeruginosa 1-2 (0-46) 21 (0-45)* 30 (0-44)* 28 (0-44) 30 (0-44)* 
No of capsules/day pancreatic 
enzymes 30 (0-195) 30 (0-135) 21 (044)*$ 36 (12-110) 24 (0-110) 


Compared with normal glucose tolerance: *p<0-01; tp<0°05. 
Compared with impaired glucose tolerance: $p<0- 01; §p<0'05. 
Compared with diabetes diagnosed by oral glucose Mica test: ||p<0°01; §p<0-05. 
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Figure I Annual percentage of patients with cystic fibrosis 
whose glucose tolerance deteriorated from normal to impaired 
glucose tolerance or diabetes mellitus (hatched columns), and 
from normal or impatred glucose tolerance to diabetes mellitus 
(solid columns) plotted against age. 
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Figure 2 Percentage of patients with cystic fibrosis and 


normal glucose tolerance plotted against age in a life table. 
The dots indicate 95% CI. 


have needed insulin ever since, making the 
coincidence of cystic fibrosis and insulin depen- 
dent (type 1) diabetes mellitus likely. 

A total of eight patients were receiving corti- 
costeroids at the time of the study. In three 
diabetic patients (two with known diabetes and 
one who had been diagnosed after a glucose 
tolerance test), the onset of diabetes was pre- 
ceded by prednisone treatment for allergic 
bronchopulmonary aspergillosis for 22 months, 
four months, and less than one month, respec- 
tively; a fourth patient, diagnosed by glucose 
tolerance test and diabetic for one year, had to 
start insulin injections after prednisone treat- 
ment of aspergillosis lasting two months. 
Another four patients treated with prednisone 
for aspergillosis did not develop diabetes. No 
patient received thiazides. 

The median age of the patients in the diff- 
erent classes of glucose tolerance increased as 
glucose tolerance decreased (table), but the age 
of the patients in the two classes of diabetes mel- 
litus (those diagnosed by glucose tolerance test 
and those already known) did not differ signifi- 
cantly. Two of the 117 patients who were less 
than 15 years of age (2%) were diabetic com- 
pared with 22 of 93 patients aged 15 years or 
more (24%; p<0°01). 
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By life table analysis we estimated the inci- 
dence and prevalence of different classes of glu- 
cose intolerance. The annual incidences of 
patients deteriorating from normal to impaired 
glucose tolerance or diabetes mellitus, and from 
normal or impaired glucose tolerance to diabe- 
tes mellitus, calculated for five year age groups, 
both steadily increased over the age of 10 years 
(fig 1). In the age group 10-15 years the rate of 
deterioration from impaired glucose tolerance to 
diabetes mellitus is about 2%/year, increasing to 
about 17%/year in the age group 25-30 years; in 
parallel, the incidence of diabetes mellitus 
increases from about 1 to 13%/year in the same 
age groups. 

The prevalence of normal glucose tolerance 
decreases with age (fig 2); from the age of 15 to 
30 years the decrease is almost linear. Within 
this age group the proportion of patients with 
normal glucose tolerance is reduced by roughly 
5%/year. Thus, 86% (95% CI 80 to 93%) of the 
patients have normal glucose tolerance at the 
age of 15 years, whereas only 35% (95% CI 22 to 
48%) have normal glucose tolerance at the age of 
25; at the latter age 32% (95% CI 14 to 49%) are 
diabetic. 

Twenty one patients gave a family history of 
diabetes (including two pairs of siblings). Four 
(19%) of these patients had diabetes (two were 
being treated with insulin) compared with 20 
(11%) of the 189 patients who did not give a 
family history of diabetes (p=0°25). 

Median FEV, was lower in patients with 
impaired glucose tolerance or known diabetes 
mellitus, and in all diabetic patients compared 
with those with normal glucose tolerance, 
whereas the differences between the normal 
group and those diagnosed by glucose tolerance 
test, and the impaired group and the known 
diabetic group were not significant (both 
p<0°10) (table). FVC was lower in patients 
known to have diabetes than in all other groups, 
and lower in diabetic patients than in patients 
with normal glucose tolerance (table). Precipi- 
tins against P aeruginosa were lower in patients 
with normal glucose tolerance than in all other 
groups (table). The daily intake of pancreas 
enzyme capsules was lower in patients with 
diabetes diagnosed by glucose tolerance test 
than in all other groups (table). 


Discussion 
This first large cross sectional sas of oral glu- 
cose tolerance in unselected patients with cystic 
fibrosis over the age of 2 years confirms that the 
prevalence of glucose intolerance (26%) in cystic 
fibrosis is high. For comparison, in 12 studies 
comprising a total of 284 patients an oral 
glucose tolerance test identified 21-75% of 
the patients as being glucose intolerant (the 
mean was 41%, but varying criteria for glucose 
tolerance and diabetes mellitus were 
used). * 5 7 9 10 13-16 18 20 2 

Eleven per cent of our patients were diabetic; 
the retrospective part of our study showed an 
almost similar prevalence of diabetes mellitus in 
the dead patients. Seventeen studies, in which 
various criteria for selection and diagnosis were 
applied, included a total of 1510 patients 
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of various ages.? +? 1112141623 OF these 
patients, 134 (89%, range 0-17%) were diabe- 
tic. The mean prevalence of diabetes mellitus 
calculated from these studies was apparently the 
same (7--9%), whether an oral glucose tolerance 
test (n=266),” 4 > 7 14 16 18 20 21 random blood 
glucose values (n=44872), the presence of glyco- 
suria (n=221° 8 1112), or non-stated diagnostic 
procedures (n=575!7 1923) were used for 
diagnosis. 

Impaired glucose tolerance, which in some 
populations is said to accompany a greater risk 
of developing arterial disease than normal glu- 
cose tolerance,” was found in 15% of our 
patients. In seven other studies, again with 
varying criteria for the diagnosis of impaired 
glucose tolerance, the mean prevalence was 30% 
(n=201, range 18-56%).? 7 13 15 17 19 20 

The prevalence of diabetes mellitus reported 
here -is therefore higher, though those of 
impaired glucose tolerance and both types of 
glucose intolerance considered together are 
lower than found previously. No obvious 
explanations exist for this discrepancy. The 
influence of differences between the patient 
groups in age or other selection criteria or from 
varying diagnostic criteria for the different clas- 
ses of glucose tolerance may be of importance. 
It is, however, beyond any doubt that the inci- 
dence and prevalence of glucose intolerance— 
impaired glucose tolerance as well as diabetes 
mellitus—is much higher in patients with cystic 
fibrosis than in any other age matched group. 

It is not known whether glucose intolerance 
influences the prognosis of cystic fibrosis. Prog- 
ressive clinical deterioration in patients with 
cystic fibrosis and diabetes mellitus has been 
reported by some investigators,’ 7 but was not 
detected by others.’ 1? 18 2° We observed that 
FEV, decreased as glucose tolerance decreased, 
as did FVC, and there were more precipitins 
against P aeruginosa found in patients with all 
classes of glucose intolerance compared with 
normals. It is doubtful, however, whether these 
findings reflect a causal ‚relationship between 
glucose intolerance and cystic fibrosis in gene- 
ral, but merely the difference in age (equal to 
the duration of cystic fibrosis) between the 
different groups of glucose tolerance. The daily 
intake of pancreatic enzyme—a rough estimate 
of exocrine pancreatic function—was for 
unknown reasons lower in patients with dia- 
betes diagnosed by glucose tolerance test than in 
all other patients. Using more up to date techni- 
ques, a parallel loss of exocrine and endocrine 
pancreatic function has been shown.!* 

Although diabetes mellitus in cystic fibrosis is 
generally considered mild in itself,’ ° 12 no 
data exist to substantiate the statement. The 
development of the late diabetic complications, 
however, as are seen in other states of diabetes 
mellitus like insulin dependent diabetes melli- 
tus and non-insulin dependent (type 2) diabetes 
mellitus, has only been described in a few 
patients with both cystic fibrosis and diabetes 
mellitus. !8 35-37 

Until reliable studies confirm the ‘mild’ 
nature of the glucose intolerance in cystic fibro- 
sis, both in itself and in its effect on the prog- 
nosis, we feel that diabetes mellitus in cystic fib- 
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“rosis should be treated as carefully as diabetes 


mellitus of all types is treated in younger sub- 
jects. The question then arises of how to iden- 
tify the patients with cystic fibrosis and glucose 
intolerance. 

Clinical diagnosis prompted by symptoms of 
hyperglycaemia seems unreliable, as many 
diabetic patients are asymptomatic, including 
our own group of patients who were diagnosed 
by oral glucose tolerance test. The reliability of 
regular urine tésting for glucose has not been 
systematically evaluated in patients with cystic 
fibrosis. According to the WHO recommenda- 
tions,” the fasting blood glucose concentration 
alone should be considered less reliable as true 
fasting cannot be assured, which may lead to the 
false diagnosis of diabetes mellitus. If it is used, 
some diabetic patients will remain undiagnosed; 
in our study 87% of the 15 patients with diabetes 
mellitus diagnosed by oral glucose tolerance 
testing had fasting capillary plasma glucose 
values below the diagnostic value of 7°8 mmol/l.” 
Finally, measurement of HbA,. has been 
suggested as a screening procedure.'? 2° In our 
study, however, 73% of the patients diagnosed 
by oral glucose tolerance test had HbA,, values 
within the reference range. In contrast to 
Stutchfield et al, we found a HbA. value above 
the reference range diagnostic of diabetes 
mellitus.”° Serial determination of HbA,, values 
has been suggested for the detection of impair- 
ment of glucose tolerance,'? 7° but its value 
remains to be established.”” 

We have demonstrated that oral glucose toler- 
ance tests are reliable in the detection of diabe- 
tes mellitus in patients with cystic fibrosis. We 
intend to review our patients over the age of 2 
years annually to determine the ages and inter- 
vals at which it would be reasonable to recom- 
mend oral glucose tolerance tests as part of clini- 
cal practice. At present, we hypothesise that 
only patients over the age of 10 years will need 
regular tests, as our two patients who developed 
diabetes mellitus below this age limit both had 
frank symptoms of diabetes at onset. 


We are grateful to Nurse Annelise Hansen at the cystic fibrosis 
outpatient clinic 5002, Rigshospitalet, for excellent technical 
assistance. 
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Insect stings 


Children who are stung by insects do better on the whole than 
adults in that they are less likely to have severe or life threatening 
reactions. Recent work from the Johns Hopkins Medical School 
has provided information about the use of desensiting injections 
(Valentine MD et al, New England Journal of Medicine 
1990;323:1601--3). A total of 242 children aged from 2 to 16 years 
had had a generalised reaction confined to the skin after an insect 
bite or sting and had positive skins tests with one or more of five 
insect venoms. Sixty eight of the children were given a series of 
desensitising injections using the appropriate venom. On follow 
up about half of all the children were stung again. In the treated 
group 1:2% of subsequent stings gave rise to systemic reactions 
but 9-2% did so in the untreated children. None of the reactions 


was serious. 


The authors conclude that immunotherapy is effective in pre- 
venting systemic reactions after subsequent stings but that, as 
such reactions are almost always fairly mild, the treatment is not 
usually necessary. The study does not show whether immunother- 
apy would prevent severe reactions but such a study will probably 
never be done as it is calculated that it would need 17 000 patient 
years in both treated and untreated groups. An editorial in the 
same issue recommends treating all adults with a systemic reaction 
and children who have had a severe reaction (laryngeal oedema, 
asthma, or anaphylactic shock).! If treatment is offered it should 
be with venom and not with whole body extracts which are 


deemed ‘practically inert’. 
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Mechanisms of gastro-oesophageal reflux in 


cystic fibrosis 


S Cucchiara, F Santamaria, M R Andreotti, R Minella, P Ercolini, V Oggero, G de Ritis 


Abstract 

Abnormal degrees of gastro-oesophageal 
reflux (GOR) were detected by 24 hour 
intraoesophageal pH measurement in 12 of 14 
children (mean age 7-9 years; range 5 months— 
16 years) affected by cystic fibrosis and com- 


plaining of symptoms suggesting GOR. These | 


patients underwent combined recording of 
distal oesophageal motility and intraluminal 
pH in order to investigate mechanisms of 
GOR. Inappropriate lower oesophageal 
sphincter relaxation was the most common 
mechanism of reflux in all patients. Other 
mechanisms (appropriate relaxation or 
lowered pressure of the lower oesophageal 
sphincter, increased intragastric pressure) 
were detected less frequently. Frequency of 
inappropriate lower oesophageal sphincter 
relaxations was significantly higher in patients 
with cystic fibrosis than in other study groups 
(symptomatic GOR, GOR disease compli- 
cated by respiratory complaints). Inappropri- 
ate lower oesophageal sphincter relaxations 
occurred with the same frequency in patients 
with cystic fibrosis and in a group of children 
with GOR disease complicated by oesophagi- 
tis. Abnormalities of distal oesophageal con- 
tractions such as decreased amplitude or 
uncoordinated waves were also recorded in 
cystic fibrosis patients. Seven patients with 
cystic fibrosis completed a therapeutic trial 
for eight weeks consisting of postural treat- 
ment and oral cisapride, a new prokinetic 
drug. The oesophageal acid exposure im- 
proved in only three patients. We conclude 
that pathologic GOR is commonly asssociated 
with cystic fibrosis. The predominant reflux 
mechanism in these patients is a transient 
inappropriate lower oesophageal sphincter 
relaxation rather than a low steady state basal 
lower oesophageal sphincter pressure. 


Many studies have implied that gastro- 
oesophageal reflux (GOR) may be an important 
cause of respiratory disease either by pulmonary 
aspiration of refluxed gastric contents or by 
neurally mediated reflex bronchoconstriction 
secondary to irritation of oesophageal mucosa.!* 
Nevertheless, establishing a direct association 
between reflux and pulmonary disease is 


‘difficult.> Recently, it has also been proposed 


that GOR may exacerbate pre-existing chronic 
respiratory disorders if the latter alter any of the 
antireflux barriers.' ? An association between 
GOR and cystic fibrosis has been reported in 
recent years and it has been suggested that 
aspiration of regurgitated gastric contents may 


worsen chronic pulmonary disease in these 
patients.°? 

The purposes of this study were to document 
the incidence of pathologic GOR in a group of 
patients with cystic fibrosis with symptoms sug- 
gesting GOR and to evaluate mechanisms 
responsible for reflux in the same patients. 


Patients and methods 

Fourteen patients with cystic fibrosis (mean age 
7°9 years, range 5 months—16 years) and symp- 
toms suggesting GOR such as heartburn, dys- 
phagia, and regurgitation and/or vomiting 
underwent both prolonged intra-oesophageal 
pH monitoring and combined intraoesophageal 
manometric and pH recordings. All patients 
had mild to moderate respiratory disease. The 
mean Chrispin-Norman score on the last chest 
radiograph was 12 (range 4~21).'° The forced 
expiratory volume in one second (FEV,) was 
measured in five cooperative patients only and 
the values obtained expressed as per cent of the 
normal values for age and sex (mean 66°4%; 
range: 41°1-78-3%). 

The therapeutic programme consisted of 
postural drainage, aerosol treatment with muco- 
lytics and/or antibiotics, pancreatic enzymes, 
and vitamins. No bronchodilator drugs (ß; 
agonists, theophylline) were prescribed. 

Oesophageal pH was monitored for 24 hours 
with a 1-5 mm diameter flexible glass pH probe 
(Ingold). The probe was inserted through the 
nares, passed into the stomach to ensure that 
gastric acid was present, then positioned 87% of 
the distance from the tip of the nose to the 
gastro-oesophageal junction, the latter being 
determined according to the formula of Strobel 
et al.'' In all cases position of the electrode was 
checked by fluoroscopy. The electrode was cali- 
brated at the beginning and end of each study at 
pH 4-0 and 7:0 with buffer solutions. If the pH 
drift exceeded 0°3 pH unit, then the recording 
was discarded. A reference electrode was 
attached to the patient’s chest. Oesophageal 
reflux was defined as a decrease in the pH to less 
than 4°0 for at least 15 seconds. Output from 
the pH probe was recorded on a modified Hol- 
ter cassette recorder, which the patient carried 
on a belt (Proxima Light). All children were 
allowed to eat an unrestricted diet but snacks 
between meals were not allowed. The cassette 
recording was analysed by a computer program 
(Esophogram, Gastrosoft) on a IBM personal 
computer. The recording system had manual 
event markers. When pressed these markers 
enter an event specific code into the computer 
memory simultaneously with oesophageal pH. 
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The mother of each patient was instructed to 
press the event markers and record in a personal 
diary the following events: (a) beginning and 
end of the meals, (b) symptom occurrence, and 
(c) sleeping and awake periods. The following 
parameters were evaluated during each 24 hour 
oesophageal pH probe study: number of GOR 
episodes, percentage of time that intraoesopha- 
geal pH was less than 4:0 (percentage of GOR), 
number of long lasting GOR episodes (25 
minutes), and mean duration of reflux episodes 
(minutes) (that is, the ratio between minutes of 
oesophageal acid exposure and number of GOR 
episodes). Measurement for each parameter was 
divided into awake and sleeping periods, and 
into intervals less than two hours (fed) and more 
than two hours after meals (fasting). In addi- 
tion, intraoesophageal pH profile was inspected 
during periods of chest physiotherapy. Pro- 
longed pH recordings obtained from patients 
with cystic fibrosis were compared with those 
from 10 age matched children who served as 
controls and are part of a larger study reported 
elsewhere.!? These subjects were all referred to 
our unit by their physicians and underwent pro- 
longed pH study because of symptoms suggest- 
ing GOR disease. Three of the controls had 
feeding problems caused by maternal anxiety, 
four had recurrent functional abdominal pain, 
and three had irritable bowel syndrome. 
Combined recording of oesophageal motility 
and pH was performed for two hours, on a sep- 
arate day, after a three hour fasting period. 
Oesophageal motility was monitored using a 
manometric assembly that incorporated a 4 cm 
sleeve sensor and four other catheters whose 
lumina terminated in side orifices located 1 cm 
distal to the distal sleeve margin, at the proxi- 
mal sleeve margin, and 2°5 and 5 cm proximal 
to the sleeve. The sleeve sensor was positioned 
so that it straddled the lower oesophageal 
sphincter; intragastric pressure was recorded by 
the side hole located at the distal margin of the 
sleeve; the side holes located at the proximal 
sleeve margin and 2°5 cm proximal to the sleeve 
recorded oesophageal body pressure. The lower 
oesophageal sphincter was localised using the 
station pull through method. Pressures were 
transmitted to external transducers (Beckman 
4-327-C) whose output was recorded on a recti- 
linear ink writing polygraph (Beckman R611). 
The perfusion apparatus utilised during this 
investigation was a high fidelity pneumohy- 
draulic capillary infusion pump (Arnodorfer 
Med Spec). The compliance of this system was 
low, having a pressure rise rate greater than 40 
kPa (300 mm Hg)/second upon total occlusion 
at the individual catheter openings. A mic- 
rophone attached to a DC coupler mput was 
placed at the level of thyroid cartilage to detect 
swallows. A 1'6 mm diameter micro pH intralu- 
minal electrode (Microelectrodes Inc) recorded 
intraoesophageal pH at a site corresponding to 
87% of the distance nares to lower oesophageal 
sphincter. The electrode was connected to a 
Beckman pH meter (N39042) and the pH sig- 
nals were recorded on the manometric poly- 
graph. Function of the pH electrode was con- 
firmed by checks with buffers of pH 4-0 and 7°0 
at the start and end of each recording session. 


The manometric assembly and pH electrode 
were taped securely at the nose and the subjects 
were studied in a recumbent supine position. 

Lower oesophageal sphincter basal pressure 
was measured every minute by subtracting the 
corresponding gastric fundal pressure. The 
sphincter pressure was not calculated during 
and immediately after relaxations of the sphinc- 
ter and in correspondence with abdominal 
straining as indicated by increase of the fundic 
pressure. Transient relaxation of the lower 
oesophageal sphincter was defined as appropri- 
ate or inappropriate if it occurred with or with- 
out a complete peristaltic sequence in the 
oesophageal body, respectively. Relaxation of 
the lower oesophageal sphincter was defined as 
complete if the lower oesophageal sphincter 
pressure fell to within 0°53 kPa (4 mm Hg) or 
less of the end expiratory gastric pressure. After 
the occurrence of each episode of GOR we 
measured, in the distal oesophageal body, 
amplitude of primary peristalsis (defined as a 
peristaltic sequence preceded by a burst of 
activity from the neck microphone suggesting 
swallowing) and the incidence of non-specific 
oesophageal motor defects such as simulta- 
neous, repetitive, or broad based waves. Ampli- 
tude of peristalsis was calculated as the pressure 
rise from baseline oesophageal pressure to peak 
pressure. Oesophageal primary peristalsis was 
defined as efficacious or inefficacious if it was 
able or not to raise intraluminal pH by at least 
0-5 pH unit, respectively. The combined pH 
and manometric data from patients with cystic 
fibrosis were compared with those from other 
groups of patients in whom the pH-manometric 
study was performed in an identical fashion: 12 
patients (mean age 3°5 years, range 6 months-10 
years) with symptomatic GOR, eight patients 
with oesophagitis documented by endoscopy 
and biopsy (mean age 7°5 years, range 5-11 
years), and seven patients with GOR disease 
complicated by recurrent respiratory symptoms 
such as asthma or pneumonia (mean age 4 years, 
range 6 months-12 years). In the latter patients 
respiratory symptoms were considered reflux 
related because they improved with adequate 
antireflux regimen. 

Patients with cystic fibrosis and pathological 
GOR were treated for eight weeks with cisap- 
ride, a new non-dopamine receptor blocking 
prokinetic drug, and postural treatment consist- 
ing of a prone position raised by 30°. Cisapride 
was given orally before meals in a dose of 0°6 
mg/kg/day in three equally divided doses, eight 
hours apart. Three days after the end of the 
therapeutic trial patients underwent 24 hour 
intraoesophageal pH monitoring. 

The study was approved by the ethical com- 
mittee of our faculty and informed written con- 
sent was obtained from the parents. All data 
were expressed as mean (SD); the unpaired Stu- 
dent’s ż test, Wilcoxon’s signed rank test, and 
the x? test were used for statistical evaluation of 
data. 


Results 
The results of analysis of continuous intra- 
oesophageal pH monitoring are shown in 
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Table 1 Analysis of continuous oesophageal pH recordings 
in patients with cystic fibrosis and controls. Values given as 
mean (SD) 


Cystic fibrosis Controls 


' Overall record: 


Time <pH 4:0 (%) 11:20 (0°30) 1-85 (0°82)* 
Episodes lasting =5 min 8-14 (4-60) 0-90 (1°04)* 
Mean duration (min) 5°01 (2°35) 3-01 (0-23)** 
No of episodes 38°20 (20°10) 12-90 (8-66)* 
Fed period: 
Time <pH 40 (%) 4°57 (3°67) 0°48 (0-50)* 
Episodes lasting 25 min 3-64 (4-04) 0-10 (0-30)* 
Mean duration (min) 3-96 (2°85) 1:42 (1737 
No of episodes 18-70 (14-30) 5-60 (7-48)** 
Fasting period: 
Time <pH 40 (%) 6°60 (3°78) 1°80 (0°89)* 
Episodes lasting 2S min 457 (2°76) 0-80 (0-97)** 
Mean duration (min) 5°35 (3°16) 2°86 (2°47 
No of episodes 19-70 (10°40) 7°30 (5-13)* 
Awake period: 
Time <pH 4:0 (%) 5-80 (4°30) 1-06 (0-78)* 
Episodes lasting: 25 min 4°64 (4°55) 0-10 (0°30)* 
Mean duration (min) 3°71 (1:81) 2°33 (1°33)t 
No of episodes 30-30 (18-80) 10°30 (8°59)* 
Sleeping period: 
Time <pH 40 (%) 5°06 (4°86) 0°78 (0°65)** 
Episodes lasting 25 min 3-50 (3°43) 0-80 (1-07)** 
Mean duration (min) 6°80 (4-50) 3-52 (2°40)** 
No of episodes 8°85 (6°40) 2-90 (1°70)* 


*p<0-01, **p<0-05, INS. 


table 1. In 12 patients with cystic fibrosis the 
per cent of time that distal oesophageal pH was 
less than 4°0 was 2SD greater than that in con- 
trols. As indicated in the table, an abnormal 
GOR was homogeneously distributed among 
the various phases of the temporal analysis of 
the pH tracings. During periods of chest phy- 
siotherapy intraoesophageal pH profile did not 
show an increased rate of reflux. The 12 
patients with cystic fibrosis who had evidence of 
pathological GOR from measurement of pH 
underwent simultaneous oesophageal manomet- 
ric and pH study. Basal lower oesophageal 
sphincter pressure in patients with cystic fibro- 
sis, 29 (0-9) kPa (21-8 (6°5) mm Hg), did not 
significantly differ from that detected in 
patients with symptomatic GOR, 3:2 (0:7) kPa 
(23:6 (49) mm Hg), and in patients with 
oesophagitis, 2°5 (0-5) kPa (18:7 (4:1) mm Hg). 
Patients with GOR disease complicated by 
réspiratory symptoms had a basal lower 
oesophageal sphincter pressure of 1-3 (0-2) kPa 
(9-7 (1:3) mm Hg) that was significantly lower 
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than that recorded in the other groups 
(p<0-05). Intrathoracic to intra-abdominal 
pressure gradient was not significantly different 
in the various groups of patients: cystic fibrosis, 
1:0 (0°3) kPa (7°6 (2:1) mm Hg); GOR alone, 
1-2 (0-3) kPa (8:7 (1:9 mm Hg); oesophagitis, 
1-1 (0-1) kPa (8-0 (0-9) mm Hg); and GOR and 
respiratory disease, 1-1 (0-1) kPa (8°3 (0°7) mm 
Hg). Patients with cystic fibrosis had a total of 
75 episodes of acid reflux, whereas 86, 84, and 
63 episodes of acid reflux were detected in 
patients with symptomatic GOR, oesophagitis, 
and GOR disease complicated by respiratory 
symptoms, respectively. The majority of epi- 
sodes of acid GOR in cystic fibrosis patients 
(53-3%), in patients with symptomatic GOR 
(25-6%), and in patients with reflux oesophagi- 
tis (51:2%) were associated with an identifiable 
inappropriate transient lower oesophageal 
sphincter relaxation (fig 1). In patients with 
GOR disease and respiratory symptoms, gra- 
dual decrease of lower oesophageal sphincter 
pressure to very low values (lower oesophageal 
sphincter pressure drift) was the most prevalent 
mechanism accounting for 38:1% of reflux epi- 
sodes. The proportion of reflux episodes associ- 
ated with the different types of reflux mechan- 
ism in the study groups is reported in table 2. 
Episodes of inappropriate lower oesophageal 
sphincter relaxation associated with reflux were 
evenly distributed in all patients with cystic 
fibrosis. 

Analysis of motor events of the oesophageal 
body during acid exposure showed that ampli- 
tude of primary peristalsis in patients with cys- 
tic fibrosis was 7'1 (2:9) kPa (53:2 (21:5) mm 
Hg) and significantly lower than in patients 
with symptomatic GOR, 93 (2°6) kPa (70:1 
(19-2) mm Hg) (p<0°05), but did not differ 
from that measured in patients with oesophagi- 
tis, 6°4 (1:9) kPa (47-8 (14-1) mm Hg) and in 
patients with GOR disease and respiratory 
symptoms, 8-1 (0°7) kPa (60°7 (5-1) mm Hg). 
The ability of primary peristalsis to clear acid 
from the lumen of the oesophagus (percentage 
of waves capable to raise intraluminal pH by at 
least 0-5 pH units) in cystic fibrosis patients 
(53-2%) was lower than in patients with symp- 
tomatic GOR (70°1%, x? 7°5, p<0°01), but did 
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Figure 1 Combined oesophageal manometric and pH recording. From top to bottom: recording of swallowing, distal 
oesophageal body (two channels), lower oesophageal sphincter, fundus, and intraoesophageal pH. Episode of 
gastro-oesophageal reflux associated with an inappropriate lower oesophageal sphincter relaxation (1 mm Hg=0'133 kPa). 
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Table 2 Percentage of reflux episodes associated with various pathogenetic mechanisms in the study groups 








Cystic GOR Reflux GOR with 
fibrosis alone oesophagitis respiratory 
(n= ]4) (n= 12) (n=8) complications 
(n=7) 
Inappropriate LOS relaxations* 53-3 256 512 36°5 
Appropriate LOS relaxations 14-9 244 262 19-0 
Increased gastric pressure$ 8 19-7 3-6 1-6 
Low LOS pressuret 6°6 16°3 13-1 38-1 
Combined mechanismst 17°3 13-9 6-0 4:76 


Cystic fibrosis v GOR alone: ey 11:8, p<0°01. 


Sk fibrosis v GOR and re spiratory disease: ty? 18, p<001; ty? 4-1, p<0°05. 


alone v oesophagitis: fy“ 5°49, p<0-01. 


GOR alone » GOR and respiratory ‘disease: te, 7-9, p<O-O1; §y? 96, p<0-01. 


Oesophagitis v GOR and respiratory disease: ty’ 5- 2, p<0- 05. 
LOS, lower oesophageal sphincter. 





Figure 2 Combined oesophageal manometric and pH recording. From top to bottom: recording of swallowing, distal 
oesophageal body (two channels), lower oesophageal sphincter, fundus, and intraoesophageal pH. Episode of 
gastro-oesophageal reflux associated with lower oesophageal sphincter decrease (1 mm Hg=0°133 kPa). 


Table 3 Prolonged intraoesophageal pH variables (% of GOR and episodes lasting =S minutes) in seven children affected 
by cystic fibrosis and pathologic GOR treated with cisapride and postural treatment 


a 24 Hours Asleep Awake Fed Fasting 
os et mm nen nm ee mm mamma mm ann 
% GOR Episodes % GOR Episodes % GOR Episodes % GOR Episodes % GOR Episodes 
lasting lasting lasting lasting lasting 
>5 >5 >53 =S > 
minutes minutes minutes minutes minutes 
Baseline 

l 18°5 14 10°2 7 8-3 7 8'9 6 9°5 7 

2 6 6 0-2 0 93 6 4] 3 5:4 3 

3 15°5 4 11°9 3 36 l 67 2 8:8 3 

4 76 6 72 5 0.4 l 1:9 2 5:6 4 

5 7'3 6 0'9 1 63 5 2'1 1 5] 5 

6 61 5 0-2 0 5'9 5 2'7 2 3-3 3 

7 10°0 6 20 2 79 4 56 3 43 3 

Mean 106 67 4°6 2°5 59 41 4-5 2-7 60 4 

SD 43 3:0 46 2-4 28 2-1 2°4 1°5 2] 1-4 

After the trial 

l 16:7 18 70 4 9-7 14 67 10 10:0 8 

2 1*1 0 0 0 1-1 0 0°05 0 1-1 0 

3 13°5 10 0 0 13-0 10 71 6 5°9 4 

4 32 2 0-8 2 eee 0 0:7 0 2-5 2 

5 129 7 71 5 37 2 4-0 1 8-8 6 

6 0°04 0 0°04 0 0 0 0 0 0-04 0 

7 11-9 7 18 1 10-1 6 8-3 6. 3-5 } 

Mean 8°47 6°3 2:39 1-7 59 4-5 3:8 3-3 45 3 

SD 63 5'9 3-0 1-9 46 5-2 3-3 3-7 35 28 





not differ from that detected in oesophagitis 
patients (42°3%) and in GOR patients with 
respiratory complaints (536%). The incidence 
of non-specific motor defects during endoge- 
nous acid exposure in patients with cystic fibro- 
sis (17° 5%) was significantly higher than in 
symptomatic GOR patients (86%; x 5-1, 
p<0-05), but did not statistically differ from 
that recorded in the other study groups 
(oesophagitis 13-8%, GOR and respiratory dis- 
ease 9°25%). 

Only seven patients with cystic fibrosis com- 
pleted the eight week: therapeutic course with 
cisapride and posture. Table 3 shows the before 
and after treatment values of both GOR percen- 


tage (oesophageal acid exposure time) and GOR: 


episodes lasting more than five minutes for each 
patient, in the various phases of pH analysis. 
The oesophageal acid exposure time and the 
number of reflux episodes lasting more than five 
minutes became normal in only three patients 
and were unaffected in the other four patients. 


. Discussion 


It is generally recognised that primary pulmon- 
ary disorders such as cystic fibrosis, broncho- 
pulmonary dysplasia, or respiratory infections 
can provoke GOR.! Both symptomatic and 
objectively documented reflux has been descri- 
bed in patients with cystic fibrosis. Scott et al? 
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and Forster et al’ detected by intracesophageal 
pH measurement abnormal oesophageal acid 
exposure in a subgroup of cystic fibrosis 
patients complaining of symptoms of GOR; 
others have reported the presence of oesopha- 
geal injury from acid reflux in children with cys- 
tic fibrosis.° ? 

The reason for an increased incidence of 
GOR in a wide variety of primary respiratory 
disorders is unknown. The most commonly 
considered mechanism is an increase of trans- 
diaphragmatic pressure by the forced expiration 
of coughing and wheezing.! It is also potentially 
possible that periodic coughing provokes GOR 
by intermittently raising abdominal pressure. 
Recent studies have revealed that active 
diaphragmatic contraction during spontaneous 
breathing is responsible for respiratory induced 
pressure oscillations of the lower oesophageal 
sphincter that are commonly observed during 
manometric evaluation of the sphincter.” 
Furthermore, there is experimental evidence 
that contraction of crural diaphragm increases 
the barrier to movement across the gastro- 
oesophageal sphincter.!* Therefore it is temp- 
ting to suggest that abnormalities in diaphrag- 
matic performance might predispose the patient 
with primary respiratory disorders to the 
development of GOR. Our patients with cystic 
fibrosis and pathological GOR did not exhibit a 
decreased basal lower oesophageal sphincter 
pressure; furthermore, no disturbance in thor- 
acoabdominal pressure gradient was detected in 
them. The predominant reflux mechanism in 
our cystic fibrosis patients was transient lower 
oesophageal sphincter relaxation, without a 
peristaltic sequence in the oesophageal body. 
Inappropriate transient lower oesophageal 
sphincter relaxations were also found to account 
for the majority of episodes of GOR in patients 
with symptomatic GOR and in patients with 
oesophagitis, whereas in patients with GOR 
related. respiratory disease episodes of gradual 
decrease of basal lower oesophageal sphincter 
pressure were aS common as transient lower 
oesophageal sphincter relaxation events. An 
excessively frequent rate of occurrence of spon- 
taneous transient lower oesophageal sphincter 
relaxations is currently believed to be the most 
important abnormality that underlies pathologi- 
cal GOR. Gradual decrease of basal lower 
oesophageal sphincter tone has been shown to 
lead to reflux in a minority of patients. 

Triggers for transient lower oesophageal 
sphincter relaxation are not fully understood. 


Recently it has been suggested that transient 


inappropriate lower oesophageal sphincter 
relaxations are mediated by a neural mechanism 
involving active neural inhibition either by 
pharyngeal stimuli subthreshold for triggering a 
swallow or by sensory stimuli from the 
stomach.'® The high frequency of transient 
inappropriate relaxations of the lower oesopha- 
geal sphincter in our cystic fibrosis patients with 
pathologic GOR is consistent with experimental 
observations of Boyle et al--who have demons- 
trated that lung inflation provokes transient 
lower oesophageal sphincter relaxation by a 
reflex mechanism involving sensory input from 
vagal afferent fibres in the lung.” '® 
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' Patients with pulmonary symptoms secon- 
dary to GOR showed a decreased basal lower 
oesophageal sphincter pressure compared with 
the other groups. However, their lower 
oesophageal sphincter pressure value is com- 
monly considered to be sufficient to prevent 
GOR, also during episodes of increased intra- 
abdominal pressure.!? Most reflux episodes in 
GOR related respiratory patients occurred dur- 
ing intermittent episodes of lower oesophageal 
sphincter pressure drift. Nevertheless, reflux 
episodes due to inappropriate lower oesophageal 
sphincter relaxations were also common in this 
population and their incidence did not statisti- 
cally differ from that detected in cystic fibrosis 
patients. Both inappropriate lower oesophageal 
sphincter relaxation and lower oesophageal 
sphincter pressure drift are currently consi- 
dered as intermittent episodes of deranged neu- 
ral control of lower oesophageal sphincter 
pressure. !° 

During oesophageal manometry patients with 
GOR related respiratory complaints had both a 
normal pulmonary function and a normal chest 
x ray picture;. furthermore, none of them 
received bronchodilator treatment. These ob- 
servations suggest that manometric patterns 
in these patients do not seem to be secondary to 
pulmonary disease. 

Only seven patients with cystic fibrosis 
underwent a complete therapeutic course con- 
sisting of administration of a prokinetic drug, 
cisapride, and postural treatment. The pro- 
longed intraoesophageal pH monitoring at the 
end of the trial showed that oesophageal acid 
exposure was not improved in the majority of 
patients. Indeed, if one assumes that in primary 
respiratory disorders, transient lower oesopha- 
geal sphincter inhibition can be induced by sti- 
mulation of pulmonary afferents,'? we suggest 
that unremitting chronic respiratory disorders 
might be a source of persisting lower oesopha- 
geal sphincter inhibition by a reflex mechanism. 
On the other hand, failure of cisapride to 
decrease oesophageal acid exposure in the 
majority of patients with cystic fibrosis who 
completed the therapeutic trial, can be 
explained by the lack of effects on the rate of 
transient lower oesophageal sphincter relaxation 
by the prokinetic drugs.”° 

The present study has confirmed that patho- 
logical GOR is common in cystic fibrosis 
patients. It appears to be a serious event because 
of the presence of both manometric abnormali- 
ties of the oesophageal body and significant 
degrees of nocturnal reflux; furthermore, medi- 
cal treatment can be unsatisfactory. GOR 
should be properly investigated in children with 
cystic fibrosis through a complete medical inter- 
view and appropriate diagnostic tests such as 
prolonged intraoesophageal pH monitoring. 
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human subjects. Dig Dis Sci 1988;33:270-5. 

20 Reynolds JC. Prokinetic agents: a key in the future of gastro- 


enterology. Gastroenterology Clinics of North America 1989; 
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Towards a universal vaccine for atopy? 

The possibility of a different and more fundamental kind of 
immunotherapy is raised by workers in Birmingham (Stanworth et 
al, Lancet 1990;336:1279-81). A 10 amino acid peptide, which is 
part of the human IgE molecule, was synthesised and conjugated 
with protein. The peptide-protein conjugate was then used to 
immunise rabbits. The serum from these rabbits inhibited mast 
cell activation in rats. The authors showed firstly that the rabbit 
antiserum reduced the histamine release induced by incubating 
the rat mast cells with human e chain decapeptide solution. 
Secondly, they demonstrated that an intravenous injection of the 
antiserum inhibited the cutaneous reaction produced when rats 
given an intradermal injection of serum from rats sensitised to 
ovalbumin were injected intravenously with ovalbumin. 

Immunisation of rats with the peptide-protein conjugate either 
before or after sensitising them to ovalbumin much reduced the 
serum histamine response to ovalbumin challenge and those 
immunised before sensitisation were protected from anaphylaxis 
induced by intravenous ovalbumin. A vaccine made from a rat 
peptide-protein conjugate had similar protective effects, being 
immunogenic possibly because the peptide is hidden within the 
IgE molecule and therefore not recognised as self. This gives hope 
that it might be possible to immunise people with the human pep- 
tide. 

The authors suggest that clinical trials should now be carried 
out. There seems a long way to go before this work can be shown 
to apply to atopic patients but the potential is obvious and excit- 
ing. Future developments will be followed with very great 
interest. 
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Computed tomography of the brain in kwashiorkor: 


a follow up study 


K C Househam 


Abstract 

Computed tomography of the brain was per- 
formed initially and after nutritional rehabili- 
tation on 12 children with kwashiorkor. The 
severe cerebral shrinkage evident initially 
resolved after nutritional rehabilitation. The 
mechanism and significance of this reversible 
abnormality remains to be determined. 


The effect of severe protein energy malnutrition 
on the developing brain remains a controversial 
issue. In a previous report the presence of cere- 
bral atrophy or brain shrinkage in eight children 
with kwashiorkor was described.’ The precise 
nature of the loss of brain volume was uncer- 
tain. To determine the implications of these 
findings a follow up study was undertaken. 


Patients and methods 

Twelve children aged 11 to 28 months (median 
17-7 months) were studied. Seven were girls 
and all were admitted primarily for manage- 
ment of severe protein energy malnutrition. 
One child had significant gastroenteritis that 
required rehydration and correction of a meta- 
bolic acidosis. 

On inclusion into the study the children were 
assessed clinically and by means of computed 
tomography of the brain. All subjects were nor- 
mally hydrated and clinically stable at the time 
of the computed tomography. The scans were 
carried out two to three weeks after admission. 
The tomograms of the brain were performed 
according to standard procedures without con- 
trast. l 

Consent was obtained from the parents in 
each case. The study was approved by the ethi- 
cal committee of the Medical Faculty of the 
University of the Orange Free State. 

The children were discharged for further nut- 
ritional rehabilitation at home. They were follo- 
wed up and re-evaluated on average 14 months 
after the initial assessment. 


Results 

Initially all but one of the children were signifi- 
cantly growth retarded (table) with masses less 
than 80% of the expected 50th National Center 
for Health Statistics centiles.” Mean expected 
weight for age was 68:9%. In two the masses 
were less than 60% of expected weights for age, 
indicating severe malnutrition or marasmic 
kwashiorkor. The mean expected height for age 
was 92°2%. Head circumference was measured 
initially in 11 and was normal in seven children. 


Nutritional and growth variables in 12 cases before and after 
nutritional rehabilitation 


Case Mass Head circumference Albumin 
No (% EW)* (NCHS centile)f (gil) 
Before After Before After Before After 

1 79 90 <3 <3 16 36 

2 63 84 50 48 16 43 

3 71 81 75 60 13 37 

4 63 86 <3 25 16 46 

5 71 102 25 75 14 43 

6 72 8l <3 25 19 34 

7 54 83 Missing 50 23 43 

8 80 90 60 96 24 36 

9 50 85 <3 38 22 Missing 
10 60 92 30, 40 14 ] 
Il 87 106 90 97 15 42 
12 76 95 25 50 20 38 


*% EW=percentage of expected weight for age. 
+NCHS=National Center for Health Statistics.? 


In all patients the head circumference appeared 
appropriate to the body size. 

Serum albumin concentrations were low in all 
patients (mean 17-7 g/l) and in eight were below 
20 g/l. All had clinical features typical of 
kwashiorkor such as generalised oedema, skin 
lesions, and hair changes. All were typically 
apathetic and withdrawn on admission. 

The computed tomograms showed cerebral 


‘atrophy in all 12 children. In eight there 


appeared to be a severe degree of atrophy with 
pronounced enlargement of the ventricles and 
cerebral sulci. There were no other abnormali- 
ties evident on computed tomography. 

At restudy after a mean of 14 months (range 
9-3 to 24-1 months) the children all were 
nourished normally with masses and heights 
greater than 80% of the expected for age (table). 
The head circumference was normal in 11 chil- 
dren. In the remaining child the head circum- 
ference was just below the third centile when it 
previously had been far below this centile. The 
child had no signs of gross neurological deficit. 
The serum albumin concentrations were normal 
in 11 children with one value of 34 g/l just below 
normal (mean 39-9, range 3446 g/l). 

The computed tomograms in all children 
showed dramatic improvement with 11 of the 12 
being within the limits of normal. Tomograms 
before and after nutritional rehabilitation are 
shown in fig 1 and 2. In one child the cerebral 
atrophy had resolved but there was a residual 
abnormality of the left parietal cortex with 
widening of the sulci and a loss of cerebral 
cortex. This was suggestive of an old cerebral 
infarction (fig 3). The patient had no neurologi- 
cal signs on physical examination. 


Discussion 
The results of this study demonstrate the dra- 
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Figure 1 Computed tomograms of case 8 (A) and (B) showing widened cerebral sulci and enlarged ventricles and (C) and 
(D) after nutritional rehabilitation for one year showing a normal appearance. 


matic resolution of the cerebral shrinkage found 
in all patients during the acute phase of 
kwashiorkor, an average of 14 months after the 
commencement of nutritional rehabilitation. 
During this time the nutritional state of the chil- 


elaboration of cell processes in the brain are 
affected negatively.‘ The cell morphology 
remains nommal but cell numbers in the brain 
may be decreased.* The glial cells mainly are 
affected with reduction in the lipid content of 


— 


dren-also-had-improved-and-they-appeared-well—the-myelin-membrane de 


generally with no sequelae of the preceding epi- 
sode of severe kwashiorkor. 

No definite neuropathology has been associ- 
ated previously with protein energy malnutri- 
tion. In animal studies cell migration and the 


Work in animals and observations in humans 
indicate that severe protein energy malnutrition 
at a time of rapid brain growth in infancy and 
early childhood is associated with reduced head 
size and brain weight. ? Work done during the 
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Figure 2 Computed tomograms of case 11 (A) and (B) showing diffuse cerebral shrinkage and (C) and (D) after nutritional 
rehabilitation for 14:8 months showing a normal appearance. 


early 1970s demonstrated increased transillumi- 
nation over the cerebrum suggesting shrinkage 
of the intracranial contents in infants with 
severe marasmus and kwashiorkor.'!” '' The 
cerebrospinal fluid in these children was normal 
and there was free circulation of the cerebrospi- 
nal fluid excluding the possibility of subdural 
effusions.'” It was assumed that the increase in 
cerebrospinal fluid was relative due to loss of 
brain substance or cerebral atrophy. Echoencep- 


halographic studies of Ethiopian children with 
kwashiorkor produced similar findings.'* These 
studies are in conformity with the cerebral 
shrinkage or atrophy demonstrated on com- 
puted tomography in our studies. The 
important question concerns the nature of the 
cerebral shrinkage and whether the changes are 
reversible. 

In a further study of Ethiopian children over 
the age of 2 years of age with marasmic 
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Figure 3 Computed tomogram of case 2 (A) showing cerebral shrinkage and a left cortical abnormality and (B) after 
nutritional rehabilitation for 10°6 months with a persisting left cortical abnormality. 


kwashiorkor the increased transillumination 
demonstrated disappeared after nutritional 
treatment.'! This finding corresponds with that 
of the present study in that the cerebral shrink- 
age demonstrated on computed tomography 
resolved with nutritional rehabilitation. 

As there is no detectable neurological deficit 
in these children, apart from apathy and irrita- 
bility, significant neuronal loss is unlikely. Loss 
of interstitial fluid is a further possible cause of 
cerebral shrinkage. As interstitial fluid gen- 
erally is increased due to a decreased serum on- 
cotic pressure in kwashiorkor, however, this 
pathogenesis would seem unlikely. It must be 
stressed that the investigations by computed 
tomography were performed in patients who 
were hydrated normally and showed no electro- 
lyte imbalance. 

In view of the fact that the lipid content of the 
brain has been shown to decrease in severe pro- 
tein energy malnutrition? ° it may be postulated 
that loss of myelin lipid accounts for the cere- 
bral shrinkage seen in the acute phase of this 
condition. In an animal study Benton et al 
demonstrated a restoration of brain lipids after 
nutritional rehabilitation.” It is possible that res- 
toration of lipid to the myelin membrane may 
account for reversal of the cerebral shrinkage. 

In conclusion, it ıs apparent that further 
studies of the brain in protein energy malnutri- 
tion are required. Postmortem studies in 


children dying of acute protein energy malnutri- 
tion, and in vivo studies by means of nuclear 
magnetic resonance, may provide the answer. 
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How mothers keep their babies warm 


C J Bacon, S A Bell, E E Clulow, A B Beattie 


` Abstract 


Details of room temperature, clothing, and 
bedding used by night and by day and in win- 
ter and in summer were recorded for 649 
babies aged 8 to 26 weeks. Room temperature 
at night was significantly related to outside 
temperature and duration of heating. Total 
insulation was significantly related to outside 
temperature and to minimum room tempera- 
ture, but there was wide variation in insulation 
at the same room temperature. High levels of 
insulation for a given room temperature were 
found particularly at night and in winter, and 
were associated with the use of thick or dou- 
bled duvets and with swaddling. At least half 
the babies threw off some or all of their bed- 
ding at night, and at least a quarter sweated. 
Younger mothers and mothers in the lower 
social groups put more bedclothes over their 
babies, and the latter also kept their rooms 
warmer. Many mothers kept their babies war- 
mer during infections. 


There has recently been interest in the thermal 
environment of sleeping babies, arising mainly 
from suggestions that some cases of sudden 
infant death syndrome (SIDS)’* and haemor- 
rhagic shock and encephalopathy syndrome 
(HSES)° may be linked with overheating. A dif- 
ficulty in evaluating this hypothesis has been 
the lack of control data. There have been four 
published surveys, from Exeter,° Nottingham,’ 
Leicester, and Dunedin (New Zealand),’ of 
how mothers keep their babies warm. 

We present the findings of a population sur- 
vey of the thermal environment of 649 sleeping 
babies by day and night in summer and in win- 


ter. 


Subjects and methods 

A total of 978 mothers living in the Newcastle 
health district were randomly selected by syste- 
matic sampling from birth notifications over a 
period of three years (1985-7) and were 
approached for interview. Of these 329 (33°6%) 
declined to participate or were not available. 
The social class distribution (by father’s occupa- 
tion) of the 649 mothers who accepted was 
skewed towards the upper end of the scale com- 
pared with the 10% sample of births for New- 
castle reported for 1986 by the Office of Popula- 
tion Censuses and Surveys (OPCS) (table 1).!° 
There were few families from ethnic minorities. 
One person using a standard questionnaire 
interviewed these 649 mothers, once only, when 
their babies were about 8 weeks (n=204), 16 


Table I Class distribution of study group according to 
oer compared with the OPCS 10% sample 


No (%) of OPCS 
study group 10% sample 
(n=649) 

I 69 (10:6). 75 

H 115 (17:7) 14-2 

HI Non-manual 94 (14:5) 11:3 

If Manual 214 (33-0) 32-4 

IV 69 (10°6) 14-3 

V 76 (11:7) 10-8 

Unclassified 12 (1°8) 9°5 


weeks (n=238), or 26 weeks old (n=207). The 
interviewer recorded full details of clothing and 
bedding used for the baby’s sleep the previous 
night and for sleep on the day of the visit, 
inspecting all items to check their type and 
material. She also recorded the social back- 
ground of the family, the gestation and birth 
weight of the baby, the type and duration of 
heating, the ventilation of the room, whether 
the baby sweated while sleeping, and what 
adjustments the mother made if the baby had an 
infection. 

The ambient temperature of the baby’s sleep- 
ing place was measured, for day by a recording 
at the time of the visit, for night by a maximum- 
minimum thermometer left near the cot and col- 
lected next morning (temperature recordings 
were not available for three babies). Outside 
temperatures for the same times were obtained 
from the Meteorological Office. The study 
continued through all months of the year except 
August. The data were analysed separately for 
the 326 mothers who were interviewed in 
summer and the 323 who were interviewed in 
winter, summer being defined as the period of 
British summer time. 


ANALYSIS OF INSULATION 

The total insulation for each baby was estimated 
by summing the individual contributions of 
each item of clothing and bedding. Tog values 
of materials similar to those found in the survey 
were measured by the method described in Brit- 
ish Standard 4745.'' (The tog is a unit of ther- 
mal resistance, one tog being 10 times the tem- 
perature difference in °C between the surfaces 
of a material when the heat flow through it is 1 
watt/m?.) The insulation contributed by each 
item was calculated from the tog value of its 
material and the proportion of the body, exclud- 
ing the head, that it covered (table 2). For 
duvets, which vary widely in tog rating, the 
value for the individual brand was ascertained 
in accordance with British Standard 5335.12 If 
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Table 2 Amount of insulation contributed by each item of 
clothing and bedding, and proportion of surface area covered 
(excluding the head) 





Thermal Proportion 
resistance of surface 
of fabric area covered 
(tog) (excluding head) 
Clothing: 
Sleeping suit without hood 4:0 1:00 
Babygro with feet 1-0 0:91 
Quilted jacket 2:0 0:5 
Cardigan 2:0 0:45 
Tee-shirt 0:8 0:45 
Vest 0:2 0:38 
Tights 0-8 0°45 
Dungarees 0-4 0°56 
Socks 0:2 0:09 
Mittens 2:0 0:10 
Nappies: 
Terry nappy as worn, dry 35 0:19 
Terry nappy as worn, wet 04 0:19 
Disposable nappy, dry 40 0:19 
Disposable nappy, wet 0-4 0:19 
Bedding: 
Sheet 0:2 1-0 
Blanket 1°5 
Duvet 4-13°5 1:0 


items were doubled, twice their tog value was 
taken. 


STATISTICAL METHODS 

The mean (SEM) temperature and insulation 
for different groups were compared. Signifi- 
cance was usually assessed by Student’s t test, 


paired where appropriate. Two way analysıs of 
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variance was done where appropriate. The asso- 
ciation between temperature and insulation was 
examined by comparison of the mean insula- 
tions for a series of temperature ranges; regres- 
sion analysis was not done because the 
association was not linear or sequential. 


Results 

AMBIENT TEMPERATURE AND HEATING 

The distributions of ambient temperature near 
the baby’s sleeping place at night in winter and 
summer are shown in fig 1. Modal values for 
minimum and maximum temperatures were 
15°C and 20°C in winter, and 19°C and 23°C in 
summer. 

During winter 76 (23:5%) babies’ rooms were 
heated all night and 217 (66°9%) for part of it, 
and in summer 20 (6°1%) and 245 (75°4%), 
respectively. Figure 2 shows the association 
between outside temperature and minimum 
room temperature on winter nights, according 
to the presence and duration of heating. 
Regardless of heating, room temperature varied 
significantly compared with outside tempera- 








ture (p<0-01, two way analysis of variance), 
though the difference between them was greater 
on colder nights. For a given outside tempera- 
ture rooms heated all night were on average 
4-2°C warmer, and rooms heated for part of the 
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Figure2 The association between outside temperature on 
winter nights and minimum temperature in heated and 
unheated rooms. Mean (SEM) room temperatures were 
calculated for each 5°C band of outside temperature. 


night were 2°2°C warmer, than rooms with no 
heating at all. 

Of the total, 190 babies (29-3%) slept in their 
own bedrooms at night, 442 (68:1%) shared 
their parents’ bedrooms, and 15 (2°3%) slept in 
living rooms. The temperature in separate and 
shared bedrooms were similar, but living rooms 
were usually warmer than bedrooms, the mean 
maximum temperature being significantly 
higher (23-93 (1°21)°C compared with 20°45 
(0°13)°C, p<0-01). 

Only 83 mothers (12°8%) left windows open 
in their babies’ rooms at night, being more 
likely to do so if the rooms were warmer; 200 
babies’ rooms (30°9%) were totally unventilated 
at night with windows and doors closed. On 
winter nights 70 mothers (21°7%) and on 
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summer nights 23 (7'1%) heated the cot before 
putting the baby down to sleep, for example 
with an electric blanket or a hot water bottle. 


INSULATION 

The means and ranges for total insulation from 
clothing and bedding put on by day and night in 
summer and winter are shown in table 3. The 
contribution made by clothing was proportio- 
nally greater by day when babies were often put 
down to sleep wearing most of their clothes but 
with less bedding. Figure 3 shows the associa- 
tion of total insulation on winter nights to out- 
side temperature and to maximum and mini- 
mum room temperature. Significantly less total 
insulation was applied when outside tempera- 
tures and when minimum room temperatures 
were higher (both p<0-01, two way analysis of 
variance). Within this overall relationship, how- 
ever, there were wide variations between indi- 
viduals subjects in the amount of insulation 
applied at the same ambient temperature. The 
variance was greater in colder weather. The 
extreme example of variation was provided by 
two mothers who put on 3'2 tog and 42:0 tog, 
respectively, for the same minimum room 
temperature. There was no significant associa- 
tion between total insulation and maximum 
room temperature at night; indeed, mean 
insulation was comparatively high for the babies 
with the warmest rooms. 

The extent to which mothers allowed for 
room heating when deciding how much to insu- 
late their babies varied (table 4). Babies who 
slept in living rooms tended to be covered a 
little more than those who slept in bedrooms 
(14-4 (1°36) compared with 13°50 (0-2) tog). 

Figure 4 shows how, for a given room tem- 
perature, mothers put on more insulation on 


Table 3 Mean (SEM) and range of tog values contributed by clothing and bedding according to season and time 


Summer (n=326) 


Day 
Total insulation of clothing and bedding (tog): 


Mean (SEM) 8°71 (0:29) 
Range 2°4-22°3 
Mean (SEM) contribution of clothing (tog) 4°35 (0:07) 


251 @) 
c=) 
Q 
= 20 
c 
= 
8 
3 
© 
E 
2 
= 15 
° 
u 
10 
10 5 6 5 10 15 


Outside temperature at midnight (°C) 


Winter (n=323) 


Night Day Night 

11°98 (0:25) 10°31 (0°25) 15-1 (0°29) 
3°2-28-2 -2-31°4 3-2-42:0 
3°58 (0-02) 4°86 (0-06) 4-56 (0-03) 


Winter night, 
minimum temperature 


z Winter night, 
maximum temperature 





10-12 12-14 14-16 16-18 18-20 20-22 22-24 24-25 
Room temperature (°C) 


Figure3 The association between total thermal insulation of sleeping babies on winter nights and (A) outside temperature at 
midnight; (B) maximum and minimum room temperatures. Mean (SEM) values for insulation were calculated for each 


2° temperature band, 
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Table 4 Insulation and outside temperature in heated and 
unheated rooms on winter nights. Figures are expressed as 
mean (SEM) tog value 











Outside Room not Room heated Room heated 

temperature heated part of night all night 

(°C) 

0-5 18°09 (1°56)’ 15°89 (0°56) 14°44 (0°66)* ` 
(n=7) n=107) n=39) 

5-10 14°56 (1°25) 14°48 (0°48) 13°39 (1:1) 
(n=17) (n=80) (n=19) 

10-15 15-05 (1°18)? 15°16 (1°27) 11:05 (0°92)** 


(n=4) (n=10) (n=8) 


* and *=p<0:01- 





In 28 other cases the outside temperature was not within the 
range 0-15°C. 
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Figure4 The association between total thermal insulation 
and room temperature on winter nights, summer nights, and 


winter days. Mean (SEM) values for insulation were 
calculated for each 2°C temperature band. 


winter nights than they did either for summer 
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tucked their babies in tightly, and 15 (2°3%) 
usually took the babies into their own beds for 
most of the night. 


EFFECT OF BABIES’ GESTATION, AGE, AND BIRTH 
WEIGHT 

Mothers made no special allowance in their cov- 
ering or heating of the 37 babies who had been 
born prematurely (gestation <37 weeks). When 
the three age groups (roughly 8, 16, and 26 
weeks) were compared, younger babies tended 
to have warmer rooms but less insulation on 
both winter and summer nights (fig 5). Babies 
with lower birth weights also tended to have 
warmer rooms but less insulation—for example, 
the 43 babies with birth weights <2500 g had a 
mean (SEM) minimum room temperature of 
17:72 (0°4)°C and mean insulation of 12°72 
(0°68) tog compared with 16°65 (0°44)°C and 
14:22 (0°65) tog for the 52 who weighed >4000 
g at birth (p<0'05 in each case). 


SWEATING 

Of the total, 183 mothers (28°2%) said that their 
babies usually sweated when asleep at night, 27 
of them (4°2%) sweating profusely; and by day 
the figures were 149 (23:0%) and 12 (1°8%), 
respectively. There was no differences in the 
incidence of sweating among babies in different 
age groups; the same babies tended to sweat by 
night as by day. At night, babies sleeping in 
rooms with above average minimum tempera- 
tures were significantly more likely to sweat 
(p<0-001), but those sleeping under more than 
average total insulation were not. 
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Figure6 Minimum room temperature and total thermal 
insulation for babies in families of different social classes 
subdivided according to father’s occupation. When he was 
unemployed the family was classified both by the last 
occupation, and as unemployed. 


(81-4%) said that they would put on less cover- 
ing, 36 (15:2%) said that they would decrease 
the heating, and 63 (26°6%) said that they 
would give the baby antipyretic medication. 


ASSOCIATIONS WITH MATERNAL AGE, PARITY, 
AND EDUCATION 

Mothers in all age groups kept their babies’ 
rooms at about the same temperature. Younger 
mothers put on significantly more bedding than 
older mothers; the mean total insulation used by 
the 39 mothers under 20 years old was 15-1 (1:0) 
tog, compared with 12-1 (0°6) tog used by the 
53 mothers over 35 years (p<0°01). Younger 
mothers were also more likely to keep their 
babies warmer when ill. There were no differ- 
ences in room temperature or insulation used by 
mothers of different parity, but experienced 
mothers were more likely to keep their babies 
cooler when they were ill. The way mothers 
kept their babies warm was also related to dura- 
tion of education: those who had left school at 
the age of 16 (n=377) used significantly more 
insulation (p<0-°05) and slightly higher room 
temperatures than those whose education had 
continued after the age of 19 (n=121). 


ASSOCIATION WITH OCCUPATIONAL GROUP 
The variation in thermal environment at night 
with occupational group is shown in fig 6. 


Table 5 Reported ambient temperatures for sleeping babies 


Place and No of Age (weeks) Season 
year babies 
Exeter 1984° 199 36 Winter 
Nottingham 1985’ 200 4-26 Summer and 
winter 
Leicester 1985? 74 9-20 Winter 
Dunedin 1986? 276 4-6 Winter 
Newcastle 1985-7 324 8-26 Summer 
(present study)* 
322 8-26 Winter 


“Temperature recordings not available for three babies. 
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Families in the lower groups tended both to 
keep their babies’ rooms warmer at night and to 
put on more covering, as did families in which 
the father was unemployed. The differences in 
insulation between group I and groups II, MI, 
and IV, and between group V and groups I, II, 
and III (non-manual) were significant (p<0-05). 
About the same proportion of families in each 
group had some form of heating in the baby’s 
bedroom, or kept it on all night, or had a win- 
dow open. Duvets were used to a similar extent 
in all groups, but many more mothers in the 
manual groups swaddled their babies. There 
were no differences among the groups in adjust- 
ments that were made for illness, or in the prac- 
tice of having the baby in the parents’ bed. 


Discussion 

We think that this is the most comprehensive 
study of babies’ thermal environment yet pub- 
lished. Despite the high non-response rate and 
consequent skewed distribution of social clas- 
ses, we have no reason to suppose that our 
sample was not representative with regard to the 
practices being studied, and the numbers were 
sufficient to allow analysis of each social group 
separately. 

Table 5 shows how our figures for ambient 
temperatures compare with those reported from 
elsewhere. Mean room temperatures on winter 
nights in Newcastle, despite its cooler climate, 
were higher than those found in Leicester or 
Dunedin, which suggests that mothers in New- 
castle used more heating. The differences in 
mean room temperatures in Newcastle between 
day and night and between summer and winter 
were not large, probably because heating 
damped down fluctuations with outside temper- 
ature. Paradoxically the highest room tempera- 
ture (30°C) was recorded on a winter night and 
the lowest (4°C) by day. 

As yet there is no standard method for asses- 
sing the insulating effect of babies’ clothing and 
bedding. The method we have used does no 
more than quantify clothing and bedding on the 
trunk and limbs and does not attempt to calcu- 
late the effective physiological insulation of the 
whole body. Even in this limited aim we have 
had to disregard a number of factors including 
insulation from pillow, underbedding, and mat- 
tress; the reduction in insulating properties of 
items that have been much used and washed, or 


Time Ambient temperature (°C) 
Range Mean Mode 
Day 10-25 17-9 Not recorded 
Day 16-29 21:2 20 
Night: 
Bedtime 14-25 18-4 20 
Six hours later 7-23 14-0 17 
Night: 
Maximum 18-2 Not recorded 
Minimum 60-198 137 Not recorded 
Day 27 19:7 21 
Night: . 
Maximum 14-29 21:2 23 
Minimum 9.26 18°] 19 
Day 4..27 18-3 19 
Night: 
Maximum 7-30 198 20 
Minimum 5-28 15°6 15 
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have been wetted by urine or by sweat; and the 
effect of the compression of individual layers of 
bedding. Calculation of the effective physiologi- 
cal insulation of the whole body is complex and 
needs to take into account various additional 
factors such as differential heat loss from diff- 
erent parts of the body, especially the uncovered 
head; the effect of posture; heat loss through 
curved surfaces; variations in the effectiveness 
of sweating with materials of varying permeabil- 
ity; and the insulation provided by the bound- 
ary layer of air. 

The only other study to use the same method 
of quantification as ours was that done in 
Leicester which dealt with winter nights only: 
the mean value for insulation reported was 14°7 
tog, which was similar to our value of 15-1 tog.° 

The influence of social background on the 
way babies are kept warm differs between Eng- 
land and New Zealand. In Newcastle, as in 
Exeter® and Leicester (MP Wailoo, personal 
communication), families in the lower occupa- 
tional groups kept their babies warmer, with 
hotter rooms and more bedding, whereas in 
Dunedin they kept them cooler, with colder 
rooms and less bedding.’ 

Because little is known about thermoregula- 
tion in this age group, ideal combinations of 
ambient temperature and insulation are not 
established, and there is a Jack of informed 
advice for mothers. Our findings suggest that in 
consequence there is much inconsistency and 
sometimes illogicality in how mothers keep 
their babies warm. For a given room tempera- 
ture they tend to put on more bedding by night 
than by day, and more in winter than in 
summer, which suggests that they are influ- 
enced more by their traditions and expectations 
for the time and the season than by objective 
assessment of ambient temperature. Often they 
do not make adequate allowance for room heat- 
ing. At outside temperatures between 5°C and 
10°C, for example, although rooms heated all 
night were on average 4°2°C warmer than 
unheated rooms, babies in the former had a 
mean of only 1:2 tog less covering than those in 
the latter. Similarly, babies who slept in the 
living room were insulated a little more than 
babies who slept in bedrooms, although living 
rooms were generally much warmer. Many 
mothers did not seem to appreciate that some 
makes of duvet confer a high degree of insula- 
tion, and that duvets are intended as a substi- 
tute for and not as an addition to other bedding. 
It is likely that the widespread introduction of 
both central heating and of duvets has resulted 
in sleeping babies being kept much warmer 
today than in previous generations. The high 
degree of insulation found at the highest max- 
imum room temperature (fig 3) suggests that 
there may be a subgroup of mothers who are 
particularly concerned about keeping their 
babies warm. Many babies throw off their 
bedding, and it is possible that they do so 
because they feel too hot, in which case 
swaddling or tucking in tightly may deprive 
them of a beneficial manoeuvre. 

It may at first seem surprising that younger 
and smaller babies, whose greater surface: mass 
ratio makes them more vulnerable to heat loss, 
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were given less insulation than older and larger 
babies. This was compensated for by a higher 
ambient temperature, however, so that the 
balance of their thermal environment was more 
like the one that they had experienced in the 
hospital nursery. 

Thirty years ago attention was drawn to the 
dangers of hypothermia in babies, and mothers 
were rightly advised to avoid letting their babies 
get cold.'? The lesson seems to have been well 
learnt, and the OPCS now records few deaths in 
infancy from this cause.!* Has the pendulum 
now swung too far the other way so that babies 
are less at risk from cold than from excessive 
efforts to avoid it? 

The babies in our study who were kept war- 
mest did not seem any the worse for it except 
that some of them sweated, which suggests they 
may have been under thermal stress. The possi- 
bility remains, however, that a high level of 
insulation that is tolerable in normal circum- 
stances may be dangerous if some other factor 
intervenes. For example, the baby may rapidly 
develop a fever, or may slip beneath the cover- 
ings so that the main channel for losing surplus 
heat, through the uncovered head, is lost.!> It 
may be relevant that some of the factors we 
found to be associated with higher levels of 
heating and insulation (younger mothers, lower 
social group, winter season, night) are also asso- 
ciated with SIDS.!* Our data offer some 
support for the hypothesis of ‘paradoxical 
overheating’—babies may be more at risk of 
hyperthermia when it is cold. 

It is vital that these issues are clarified, 
because if overheating is indeed a contributory 
factor to some cases of death or damaging illness 
it would be entirely preventable by soundly 
based advice to mothers. 

This survey was funded by the Foundation for the Study of 
Infant Deaths. We thank Dr EN Hey and Professor A Aynsley- 


Green for their advice and support, and the mothers who 
answered our questionnaire. 
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Delay in diagnosis of childhood asthma and its 
influence on respiratory consultation rates 


Ian Charlton, Kevin Jones, John Bain 


Abstract 

A survey of cases of asthma in two general 
practices with a special interest in the disease 
identified 212 asthmatic children aged 0-16 
years by the end of January 1989 who had 
been registered in that practice since birth. 
Delay in diagnosis, both in terms of time 
(median 2-95 years) and number of consulta- 
tions (median 7), was considerable. Annual 
rates of consultations for respiratory symp- 
toms that were initiated by the patients fell 
significantly after diagnosis (median before= 
1-80, after=0-95 consultations/year), but the 
number initiated by the doctors rose signifi- 
cantly (median before=0, after=1-01 con- 
sultations/year). The overall rates before 
and after diagnosis were not significantly dif- 
ferent (median before=2-04, after=2-21 
consultations/year). Increased efforts are 
required to reduce this delay thereby minimis- 
ing the morbidity of asthma in childhood. 


The underdiagnosis of asthma in children was 
first highlighted by Speight in 1978.' Since then 
Levy and Bell have shown that even in their 
practice, which has a special interest in asthma, 
the median category of number of consultations 
for respiratory symptoms before a diagnosis of 
‘asthma’ was made was 16-207; the mean time 
between first respiratory consultation and 
diagnosis was 50°4 months (M Levy, personal 
communication). Jones and Sykes found a 
diagnostic delay of roughly 40% of the child’s 
age. 

In this study we have examined delay in 
diagnosis, both in terms of time and numbers of 
consultations, and rates of consultation for 
respiratory symptoms before and after diagno- 
sis. 


Subjects and methods 
Two practices with a special interest in asthma 
were studied: the urban practice of 8100 
patients attached to the University Primary 
Medical Care Group in Southampton, and a 
training practice of 7990 patients in Aylsham, 
Norfolk. Only those children aged under 16 
years who had been registered since birth were 
included. Disease registers were used to identify 
the asthmatic children in this group. For each 
eligible asthmatic child the date of birth, date of 
first respiratory consultation, date of diagnosis 
of asthma, and the number of consultations for 
respiratory symptoms before and after diagnosis 
(up to the end of January 1989), were recorded. 
These consultations were divided into those 


initiated by the patient and those initiated by 
the doctor. Those initiated by the patient were 
defined as those consultations at which the 
patient had been recorded as presenting with 
one or more of the following: cough, wheeze, 
upper or lower respiratory tract infection, or 
sleep disturbed by coughing. Respiratory con- 
sultations initiated by the doctor were defined 
as those in which review was mentioned in the 
notes, those at a prescribed time after a previous 
visit (for example, ‘see in two weeks’), or those 
where respiratory symptoms were reviewed 
when the patient attended for some other 
reason. 

Delay in diagnosis was calculated by subtract- 
ing the age of first consultation for respiratory 
symptoms from that at which the word ‘asthma’ 
first appeared in the notes. The number of such 
consultations before diagnosis included both the 
first consultation and that at which the diagno- 
sis was made. Annual rates for both types of 
consultation were calculated before diagnosis 
for patients whose delay in diagnosis was at least 
one year, and after diagnosis for those whose 
diagnosis had been made at least 12 months pre- 
viously. This period was chosen for two 
reasons: firstly, to avoid the more recent period 
in which asthma clinics run by nurses were 
operating in both practices, and secondly, to 
avoid calculating annual rates based on less than 
one year’s data. Rates before diagnosis were cal- - 
culated by dividing the number of consultations 
up to and including that at which the diagnosis 
of asthma was made by the delay in diagnosis. 
Rates after diagnosis were calculated by divid- 
ing the number of respiratory consultations 
since diagnosis by the period between diagnosis 
and the end of the study. Data were analysed 
using the Statistical Package for the Social Sci- 
ences (SPSS) PC package for IBM compatible 
personal computers* and the Confidence Inter- 
val Package of Gardner et al.’ The annual rates 
before and after diagnosis were compared by the 
Wilcoxon matched pairs signed rank test. 


Results 
A total of 212 children (123 boys and 89 girls) 
fulfilled the criteria for entry, 112 from Alder- 
moor and 100 from Aylsham. This gives a life- 
time prevalence of asthma of 11% for Alder- 
moor and 10% for Aylsham. Table 1 shows the 
number of diagnoses of asthma made in 168 
children diagnosed before the age of 8 years 
according to the year of diagnosis. This shows 
the time trend in the diagnosis of asthma for 
these younger children during the study period. 
The median delay in diagnosis for the whole 
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Table I Time trend in diagnosis of asthma in 168 children 
aged <8 years 








Year of Age at diagnosis (years) 
diagnosis 

0-4 4-8 
1973-6 2 0 
1977-80 5 7 
1981-4 20 25 
1985-8 55 54 
Total 82 86 





Table 2 Annual respiratory consultation rates before and 
after the diagnosis of asıhma 





Annual consultation rate 


Mean (SD) Median 
(interquartile range) 





Before diagnosis (n=158, delay in diagnosis at least one year): 
Consultations initiated by 


patient 2°29 (1°72) 1-80 (1:04-3:03) 
Consultations initiated by 

doctor 0:31 (0°66) 0 (00:34) 
Total consultations 2°60 (2°08) 2-04 (1:10-3:12) 


After diagnosis (n= 156, time since diagnosis at least one year): 
Consultations initiated by 


patient 1°38 (1°36) 0-95 (0:41-1:86) 
Consultations initiated by 

doctor 1°46 (1°42) 1°01 (0:43-2:03) 
Total consultations 2°84 (2°36) 2°21 (1:114 12) 





group of 212 children was 2:95 years (95% con- 
fidence interval (CI) 2:58 to 3-69) with the 
median number of consultations before diagno- 
sis being 7 (95% CI 6 to 8). The median age at 
first presentation with respiratory symptoms 
was 0-8 years (95% CI 0°69 to 1-02). The rates 
of consultations initiated by the doctor and by 
the patient, and the total consultation rates for 
respiratory complaints before and after the 
diagnosis of asthma for the 158 children whose 
diagnosis had been delayed at least one year, 
and for the 156 children who had been followed 
up for at least one year since diagnosis are 
shown in table 2. 

In the 120 cases in which there had been a 
delay in diagnosis of more than a year, and a 
time since diagnosis of more than a year, the 
rate of consultations initiated by the patient 
after diagnosis was significantly less than it had 
been before diagnosis (z=—6°13, p<0-0001), 
but the rate initiated by the doctor after diagno- 
sis was significantly greater than it has been 
before diagnosis (z=—7°94, p<0-0001). There 
was no significant difference between the total 
rate before and after diagnosis (z=—0°56, p= 
0-58). 


Discussion 

Although our study— which was done in 1989 — 
cannot be compared directly with that of Levy 
and Bell (published in 1984),? our results do 
indicate a trend towards a reduction in the total 
time period and the number of consultations for 
respiratory symptoms that occurred before the 
diagnostic label of ‘asthma’ is used in practices 
with an interest in the disease. The delay still 
remains substantial, however. 

Does this delay matter? Firstly, our defini- 
tion of delay must be somewhat arbitrary, 
because children may present with respiratory 
symptoms before they truly have ‘asthma’, 
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which may exaggerate the period of real delay. 
Howie argued that general practitioners tend to 
proceed from symptoms to treatment without 
necessarily making a diagnosis.° This is because 
general practitioners are often dealing with the 
early symptoms and signs of undifferentiated 
problems and precise diagnostic labels are often 
not justified. The importance of the label 
‘asthma’ in ensuring correct treatment has, 
however, been clearly shown.’ 

In 1978 Speight examined 34 unselected 
patients who were referred to paediatric outpa- 
tient clinics in Newcastle and London and were 
diagnosed as having asthma.' In only two chil- 
dren had asthma been diagnosed before referral, 
but most showed appreciable clinical improve- 
ment after diagnosis. He highlighted three fac- 
tors that seemed to militate against the diagno- 
sis of asthma being made in general practice. 
These were: parents’ choice of symptoms, over- 
emphasis on the role of infection, and reluct- 
ance to use the word ‘asthma’. 

In 1983 Speight et al conducted a large survey 
of 7 year old children at school in North 
Tyneside.* Of 2700 children, 279 were reported 
by parents to have had a history of wheeze since 
they went to school. A sample of about two 
thirds (n=179) was studied further. Only 21 
had been diagnosed as having asthma, six after 
referral to hospital. Only a third of those who 
had more than 12 episodes of wheezing a year 
had been diagnosed as having asthma. By the 
end of the survey 31 children who were receiv- 
ing prophylaxis had considerably reduced the 
amount of time that they spent off school. 

A similar survey of 8 year olds in London was 
done in 1981 by Anderson et al; this also showed 
that wheezy children were being undertreated.’? 
Those said to have asthma were significantly 
more likely to have used antiasthmatic drugs 
than those who were not (56/94 compared with 
8/185). 

One data have shown an almost exponential 
rise in the number of cases of asthma diagnosed, 
which although not related to total numbers of 
children in the practices, represents a substan- 
tial change in the diagnostic behaviour of the 
general practitioners concerned. From the avail- 
able evidence, this increase should have resulted 
in a greater use of appropriate treatment and a 
possible reduction in morbidity. Further reduc- 
tion in the substantial delays in diagnosis may 
increase this effect. There is likely, however, to 
be a period of delay during which the potential 
benefits of early treatment of asthma are out- 
weighed by the risks of engendering anxiety and 
overtreatment. The magnitude of this ‘optimal 
delay’ is unknown. 

Our results did not show that diagnosing 
asthma in a child reduces the total number of 
consultations for respiratory symptoms, but the 
desired endpoint is reduced morbidity, not 
reduced workload. It can be inferred, albeit 
indirectly, that some reduction in morbidity did 
occur after diagnosis, as rates of consultations 
initiated by the doctor (proactive) rose signifi- 
cantly and those initiated by the patient (reac- 
tive) fell significantly. This implies that some 
reactive or acute presentations may have been 
prevented by proactive care. To be certain that 
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reducing diagnostic delay in childhood asthma 
in general practices leads to lowered morbidity 
requires a lengthy study relating delay to mor- 
bidity over time in that setting. 

Clearly, merely labelling a child as ‘asthmatic’ 
cannot reduce morbidity, but if the application 
of the label leads to improved care in terms of 
greater attention to inhaler technique, proactive 
follow up by the nurse or doctor, the develop- 
ment of self management skills, and better 
explanation to parents, morbidity should be 
reduced. The nature of general practice may 
permit proper management of illnesses without 
precise diagnostic labelling, but we feel confi- 
dent in recommending that in childhood asthma 
increased efforts should be made in primary 
care to further reduce diagnostic delay. 


We thank Mark Mullee, senior statistical programmer, depart- 
ment of medical statistics and computing, University of South- 
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ampton, for help with the analysis, and the following members of 
the primary medical care group, Southampton University: 
Samantha Smith for help in data processing and Dr Roger Jones 
an Dr Ann-Louise Kinmonth for their encouragement and 
advice. 
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Bird attack and campylobacter 

Campylobacter jejuni is the commonest enteric bacterial pathogen 
in England and Wales. Most cases are sporadic and the source of 
infection is usually unknown but an outbreak in South Wales in 
May 1990 may have been caused by the contamination of milk by 
birds (Southern et al, Lancet 1990;336:1425-7). 

In a case-control study involving 32 cases and 64 controls signi- 
ficantly more cases reported that their milk bottles had been 
attacked by birds especially in the week before the onset of illness. 
Controls were less likely to have their milk delivered to the door 
and more likely to have discarded milk from attacked bottles or to 
have taken measures to protect the bottles from birds. 

The suspected birds are magpies and jackdaws. Campylobacter 
spp have been grown from the beaks and cloacae of these birds. 
You can hazard a guess at what kind of bird has been at your milk 
by looking at the bottle top. Tits, it seems, peck holes in the shiny 
bottle top but magpies tear off the top completely. 

How many paediatricians know that the word pica is taken from 
the latin for magpie (Pica pica)? Alfred Hitchcock devotees, of 
course, have known for a long time that the birds are out to get us. 
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Septicaemia and adrenal haemorrhage in congenital 


asplenia 


M P Dyke, R P Martin, P J Berry 


Abstract 

Five patients developed overwhelming infec- 
tion as a result of congenital asplenia, which 
was previously unsuspected in all cases. Each 
illness followed a fulminant course resulting 
in death within 24 hours. They illustrate the 
respective roles of Haemophilus influenzae 
infection (n=4) and adrenal haemorrhage 
(n=4) in this condition. We suggest a manage- 
ment protocol for screening infants with 
abnormalities of the atria or viscera with 
splenic ultrasound and examination of a blood 
film for Howell-Jolly bodies. Vaccination and 
prophylactic antibiotics should be considered 
for those at risk. Vigorous use of parenteral 
antibiotics and steroids in suspected infection 
is recommended. 


Congenital asplenia, or polysplenia, may occur 
in isolation, or as one of several abnormalities of 
the heart and viscera. Two main groups of 
abnormality have been described. Asplenia may 
be associated with right isomerism, which pre- 
sents as bilateral trilobed lung and situs inversus 
of abdominal organs. Polysplenia may occur 
with left isomerism, bilateral bilobation of the 
lung, and abdominal heterotaxy.>’ 

Over 90% of cases are associated with com- 
plex congenital heart disease,’ and the high 
mortality rate in the early months of life has 
been largely attributable to this.” ® As surgical 
supportive care improve, 
however, many more children with severe heart 


- disease can be expected to survive the first few 


months.” Waldman et al found that infants with 
asplenia who survived the first month were 
more likely to die from sepsis than from their 
heart disease.” Several reports have described 
sepsis in asplenic patients and a number of con- 
sistent features emerge.® }°-!° Infecting organ- 
isms are usually pneumococcus or Haemophilus 
influenzae. The course of the illness is com- 
monly fulminant with the rapid onset of hypo- 
volaemic shock, disseminated intravascular 
coagulopathy, and loss of consciousness. 
Mortality is extremely high, being at least 50% 
in all series and greater than 80% in many. It is, 
therefore, becoming increasingly important to 
seek out evidence of anatomical or functional 
hyposplenia and to institute measures to protect 
those infants at risk from overwhelming infec- 
tion. 

We describe five patients who presented to 
the Bristol Children’s Hospital between 1982 
and 1990 in whom hyposplenism was not pre- 
viously suspected and whose illnesses were ful- 
minant and ultimately fatal. 


Case reports 
CASE 1 
A previously well 2 year old boy presented with 
24 hours of fever followed by diarrhoea and 
rigors. Rectal temperature was 40°C and he was 
centrally cyanosed with tachypnoea, tachycar- 
dia, and unrecordable blood pressure. Despite 
being given antibiotics, plasma, and methyl pre- 
dnisolone he died eight hours after admission. 
Necropsy showed no abnormality except for 
an extremely small spleen (10 g) and bilateral 
adrenal haemorrhage. H influenzae type B was 
cultured from the blood. 


CASE 2 

A baby girl who was known to have right atrial 
isomerism, double inlet and double outlet inde- 
terminate ventricle, a complete atrioventricular 
septal defect with common atrioventricular 
valve, and pulmonary stenosis presented at 3 
months of age with a simple upper respiratory 
infection that lasted for 10 days and culminated 
in acute cardiovascular collapse. She died from 
cardiac and renal failure within 24 hours of 
admission to hospital despite full support 
including peritoneal dialysis. 

Necropsy confirmed the cardiac abnormali- 
ties and showed that she had no spleen, her 
stomach and pancreas were on the right, and 
she had a narrow midline mesenteric root. She 
also had bilateral adrenal haemorrhages and 7 
influenzae type B was subsequently cultured 
from her blood. 


CASE 3 
A 15 month old child presented with a few 
hours’ history of vomiting and fever, followed 
by loss of consciousness and a single generalised 
convulsion. There was no localised infection but 
dextrocardia was noted. Antibiotics and full 
supportive treatment were started, but the child 
had a cardiac arrest and resuscitation was 
unsuccessful. H influenzae type B was cultured 
from blood and cerebrospinal fluid. 
Necropsy showed thoracic and abdominal 
situs inversus. There were small splenunculi in 
the right upper quadrant of the abdomen and 
both adrenal glands were haemorrhagic. 


CASE 4 

A baby girl was found to have dextrocardia with 
right atrial isomerism, ambiguous atrioventricu- 
lar connection, complete atrioventricular septal 
defect with common atrioventricular valve, 
double outlet right ventricle, pulmonary valve 
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stenosis, and bilateral superior vena cavas at 
birth. She remained well until 9 months of age 
when she presented with laboured respiration 
and cyanosis of sudden onset. Initial investiga- 
tions showed no abnormalities except for a chest 
radiograph, which showed free gas under the 
diaphragm. She was treated with artificial venti- 
lation, plasma, and antibiotics, but died shortly 
after admission. 

Necropsy confirmed the cardiac abnormali- 
ties. Abdominal viscera were normal although 
the small bowel mesentery was narrow. There 
was necrotising gastritis with free peritoneal gas 
and fluid from which Pseudomonas aeruginosa 
was isolated. She had no spleen. 


CASE 5 
‘A previously fit 7 month old boy presented with 
a two hour history of fever and listlessness. Ini- 
tial examination showed that he had a tempera- 
ture of 37°6°C and respirations of 60/minute. 
` Four hours later he collapsed; his skin became 
grey and mottled, and he developed tachycardia 
with increasing tachypnoea. Investigations 
showed no abnormality except for a relative 
neutropenia. He died six hours later despite 
treatment with artificial ventilation, inotropic 
agents, plasma, steroids, and antibiotics. 
Necropsy showed a normal thoracic cavity 
but the liver and gall bladder were in the mid- 
line, and he had an annular pancreas and a 
narrow mesenteric root. Both adrenal glands 
were haemorrhagic and there was no spleen. H 
influenzae type B was subsequently cultured 
from the blood. ` 


Discussion 

Although the increased risk of bacterial infec- 
tion in the asplenic host is weli known, congeni- 
tal asplenia is still largely unrecognised as 
a cause of sudden unexpected death in 
infancy. !-P Our series illustrates several 
important features of the problem. Firstly, 
there is an association with cardiac and other 
abnormalities. Two of our cases had complex 
lesions similar to those previously described,!” 
and a third had dextrocardia. Viscera were 
abnormally placed in three. Secondly, H 
influenzae is an important pathogen, and was 
isolated from blood in four cases and from cere- 
brospinal fluid in one. Thirdly, the course of 
the illness is rapid and fulminant; no child 
survived 24 hours after acute collapse, and in 
three cases death followed less than 12 hours 
after the first symptoms. Finally, adrenal 
haemorrhage was found in four of the five cases. 


THERAPEUTIC AND PROPHYLACTIC 
CONSIDERATIONS 

Death of infection in a congenitally asplenic 
child is quick, and if it is to be prevented infec- 
tion must be anticipated. This series focuses 
attention on the need for a comprehensive pro- 
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gramme of screening with preventative and 
therapeutic measures to reduce the mortality. 
As the incidence of isolated congenital asplenia 
is low, screening should be limited to those chil- 
dren presenting with complex heart disease, 
particularly with atrial isomerism, and those 
with viscera sited abnormally in whom an ultra- 
sound scan to assess splenic size and a blood 
film for Howell-Jolly bodies should be done.'® 
An abnormality of either would be an indication 
for a "Te sulphur colloid scan.” The use of 
dodecavalent pneumococcal vaccine in the older 
patients who have had their spleens removed is 
well established and reduces the risk from 
pneumococcal infection, although its role in 
congenitally asplenic children is less certain.'? 
In addition vaccination against H influenzae is- 
now available and should be considered for 
younger asplenic children. 

Antibiotic prophylaxis, traditionally with 
penicillin for older children without spleens,® 1° 
should be with amoxycillin to offer protection 
against Haemophilus spp.” When amoxycillin 
resistance in Haemophilus spp is common or in 
cases of penicillin sensitivity, trimethoprim may 
be substituted. Perhaps the most important 
benefit of detection by screening would be the 
opportunity to institute early treatment with 
parenteral antibiotics in cases of suspected sep- 
sis, with steroid supplements to avoid endotoxic 
and adrenal collapse. 


1 Ivemark BI. Implications of agenesis of the spleen on the 
pathogenesis of conotruncus anomalies in childhood. Acta 
Paediatrica 1955;44(Suppl 104):1-110. 

2 Gilbert EF, Nishimura K, Wedum G. Congenital malforma- 
tion of the heart associated with splenic agenesis. Circula- 
tion 1958;17:72-83. 

3 Freedom RM. The asplenia syndrome. A review of signifi- 
cant extracardiac structural abnormalities in 29 necropsied 
patients. 7 Pediatr 1972;18:1130-3. 

4 Van Mierop LHS, Gessner IH, Schiebler GL. Asplenia and 
polysplenia syndrome. In: Bergsma D, Congenital 
cardiac defects—recent advances. Birth defects: original 
article series. Baltimore: A R Liss 1982:36-44. 

5 Rose V, Izukawa T, Moes CAF, Syndromes of asplenia and 
polysplenia. A review of cardiac and non-cardiac malforma- 
tions in 60 cases with special reference to diagnosis and 
prognosis. Br Heart J 1975;37:840~-52. 

6 Ruttenberg HD, Neufeld HN, Lucas RV, et al. Syndrome of 
congenital cardiac disease with asplenia. Am 7 Cardiol 
1964;13:387--406. 

7 Marceletti C, Di Donato R, Nijveld A, et al. Right and left 
isomerism: the cardiac surgeon’s view. Ann Thorac Surg 
1983;35:400--5. 

8 Waldman JD, Rosenthal A, Smith AL, Shurin S, Nadas AS. 
Sepsis and congenital asplenia. ¥ Pediatr 1977;90:555--9, 

9 Di Donato R, di Carlo D, Squitieri C, et al. Palliation of 
cardiac malformations associated with right isomerism 
ne syndrome) in infancy. Ann Thorac Surg 1987;44: 


10 Kevy SV, Tefft M, Vawter GF, Rosen FS. Hereditary splenic 
hypoplasia, Pediatrics 1968;42:752-7. 

11 Dickerman JD. Bacterial infection in the asplenic host: 
a review. 7 Trauma 1976;16:662--7. 

12 King K, Schumacher HB. Spenic studies I. Susceptibility to 
infection after splenectomy performed in infancy. Ann Surg 
1952;136:239-42. 

13 Lucas RV, Krivit W. Overwhelming infection in children 
following splenectomy. 7 Pediatr 1960;57:185-91. 

14 Gopal V, Bisno AL. Fulminant pneumococcal infections in 
‘normal’ asplenic hosts. Arch Intern Med 1976;137:1526--30. 

15 Singer DB. Postsplenectomy sepsis. In: Rosenberg HS, 
Bolände RP, eds. Perspectives in pediatric pathology. Vol 1. 
Chicago: Year Book Medical Publishers, 1973:285-311. 

16 Padmanabhan J, Risenberg HM, Rowe R. Howell-Jolly 
bodies in the peripheral blood of full term and premature 
neonates. Johns Hopkins Medical Journal 1973;132:146-7. 

17 Treves S, Spencer RP. Liver and spleen scintigraphy. Semin 
Nucl Med 1973;3:55-8. 

18 Biggar WD, Ramirez RA, Rose V. Congenital asplenia: 
immunological assessment and a clinical review of eight 
surviving patients. Pediatrics 1981;67:548—51. 


638 


Royal Infirmary, 
Glasgow G4 0SF 
Department of 
Haematology 

P S M Rawlinson 


University Department 
of Medicine 
I T Boyle 


Department of 
Haematology, 
Royal Hospital for 
Sick Children, 
Glasgow 

R H A Green 

A M Coggins 

BES Gibson 


Correspondence to: 
Dr Rawlinson. 


_ Accepted 12 December 1990 
(Arch Dis Child 1991 ;,66:638-9) 


Archives of Disease in Childhood: short reports 


Malignant osteopetrosis: hypercalcaemia after bone 


marrow transplantation 


P S M Rawlinson, R H A Green, AM Coggins, IT Boyle, BE S Gibson 


Abstract 

A 3 year old girl presented with malignant 
osteopetrosis, which was treated by alloge- 
neic bone marrow transplantation. Successful 
engraftment was complicated by prolonged 
hypercalcaemia, which was controlled by a 
combination of a bisphosphonate, phosphate 
infusions, vigorous resalination, and salmon 
calcitonin. She was alive and well 16 months 
after the transplant. 


Case report 

A female infant was born vaginally at term 
after an uneventful pregnancy to healthy unre- 
lated parents. Development was normal until a 
squint was noted at 7 months. Subsequent 
radiological examinations showed that she had 
osteosclerotic bones. A bone marrow biopsy 
specimen showed osteopetrosis. At 36 months 
she received an allogeneic bone marrow trans- 
plant after preparation with cyclophosphamide 
and single fraction total body irradiation. 

By day 34 her sustained neutrophil count was 
over 1:0X107/l, and the adjusted serum calcium 
concentration was 2°56 mmol/l. This increased 
within 48 hours to 3°67 mmol/l (fig 1). Initial 
treatment consisted of methylprednisolone (40 
mg/kg/day) and a forced diuresis of normal 
saline 3 I/m?/day with boluses of frusemide (1 
mg/kg). The hypercalcaemia persisted over the 
next two days and salmon calcitonin 60 IU/day 
was added to the regimen. Later the same day 
her level of consciousness decreased and she 
required assisted ventilation. The adjusted 
serum calcium concentration at this time was 
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Figure! Response of serumcalctum and phosphate 
concentrations to the treatment given during the first 
hypercalcaemic crisis. 


4-07 mmol/l and her carbon dioxide tension was 
13-8 kPa. The forced diuresis was increased to 
4-5 I/m?/day with frusemide 1 mg/kg/hr as a 
continuous infusion, and the salmon calcitonin 
was increased to 60 IU three times a day. She 
was dialysed against a low calcium dialysate 
(Renalyte $519, Macarthy’s Laboratories, Rom- x 
ford) for three six hour periods during the next 
48 hours. After each dialysis she was given 5 mg 
of aminohydroxypropylidene bisphosphonate 
(APD) intravenously. Despite these measures 
the serum calcium concentration remained 
above 3°67 mmol/l and she had prolonged 
episodes of bradycardia. Phosphate 10 mmol 
was given as an infusion over six hours, which 
reduced the serum calcium concentration to 
2°54 mmol/l. The serum phosphate concentra- 
tion increased from 2°06 to 3:70 mmol/l and 
returned to normal 24 hours after completion of 
the infusion. She was extubated three days 
later. 

She had four further hypercalcaemic crises 
despite continuing treatment with salmon calci- \ 
tonin 60 IU three times a day (fig 2). The last A 
occurred 148 days after transplantation. Each 
was successfully controlled with a forced diure- 
sis of 3 /m? normal saline, a single dose of APD 
5 mg, and an infusion of phosphate 5-10 mmol 
if the calcium concentration rose above 3:0 
mmol/l. 

At discharge, 178 days after the transplant, 
the adjusted serum calcium concentration was 
stable (2°6-2°9 mmol/l). A maintenance dose of 
salmon calcitonin 60 IU three times a day on 
alternate days was continued, and was reduced 
over the next four months. 

Sixteen months after the transplant the hepa- 
tosplenomegaly had resolved, her neurological 
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before to240 days after bone marrow transplantation 
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abnormalities were no worse, and her osteosc- 
lerosis had improved both histologically and 
radiologically. The graft was intact and of donor 
origin. She was well, intellectually bright, and 
attending a preschool for the blind. 


Discussion 

In this case engraftment was followed by a rapid 
rise in the calcium concentration, and hypercal- 
caemia recurred on a number of occasions. A 
management plan to control the serum calcium 
concentration during these acute phases and to 
maintain long term normocalcaemia evolved 
with experience. In the acute phase the hyper- 
calcaemia seemed to be controlled primarily by 
a combination of rehydration, intravenous 
phosphate infusions, and a bisphosphonate. 
Calcitonin was useful as a maintenance agent 
but was not completely effective alone. 

Phosphate infusions produced a rapid, dose 
dependent reduction in the serum calcium 
concentration, which is directly related to the 
rise in the serum phosphate concentration.’ The 
serum phosphate concentrations returned to 
their pretreatment values within 24 to 36 hours 
of the infusion. The risk of soft tissue calcifica- 
tion after a phosphate infusion is therefore 
likely to be short lived. In our patient there was 
no radiological evidence of soft tissue calcifica- 
tion or of nephrocalcinosis, despite repeated 
phosphate infusions. 

APD is thought to be localised and concen- 
trated in hydroxyapatite, making bone more 
resistant to osteoclastic activity*; to inhibit 
osteoclast formation from stem cells at low 
concentration’; and to have a direct antiosteo- 
clast effect at high concentrations.? It should 
therefore be an effective drug in the manage- 
ment of hypercalcaemia after bone marrow. 
transplantation for osteopetrosis as it would 
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control osteoclast recruitment and activity. 
APD has not, to our knowledge, previously 
been used for this condition. The number of 
infusions required to regain control of the 
serum calcium became less with time, presum- 
ably reflecting the progressive reduction in total 
skeletal calcium load. Its long term use might, 
however, be associated with defects in 
mineralisation.* For this reason salmon calcito- 
nin, given by subcutaneous injection, was used 
as maintenance treatment. There was an in- 
complete (but nevertheless clinically useful) 
response to calcitonin, and at one year after 
bone marrow transplant the need to suppress 
accelerated bone remodelling disappeared. 


CONCLUSION 

Successful engraftment of older children with 
osteopetrosis is often complicated by severe 
hypercalcaemia. Acute episodes of hypercal- 
caemia can be controlled by resalination 
together with APD given intravenously and a 
phosphate infusion. The latter, although rapid 
may introduce a risk of soft tissue calcification 
and nephrocalcinosis. Salmon calcitonin was 
useful for maintenance treatment. 


We thank Dr SH Ralston for his help and advice. 
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Genetic aspects of admissions to a paediatric 


intensive care unit 
D R FitzPatrick, CH Skeoch, J L Tolmie 


Abstract 

Of 821 consecutive admissions to a paediatric 
intensive care unit, 47 (5-7%) were for chro- 
mosomal or monogenic disorders. These 
patients had more readmissions, longer mean 
stays, and a higher mortality rate than the 
group as a whole. In two of the four cases 
that died of single gene disorders, failure to 
store DNA made genetic counselling difficult. 


In developed countries genetic disorders 
account for about 6% of the admissions to 
general paediatric wards.! New molecular gen- 
etic, cytogenic, and obstetric techniques offer 


families the prospect of avoiding recurrences of 
an increasing number of serious inherited con- 
ditions. 

The aims of this study were to find out what. 
proportion of the admissions to the paediatric 
intensive care unit were for the treatment of 
genetic diseases, and to audit the storage of 
DNA or tissues that are important for the 
subsquent counselling of families. 


Patients and methods 

The intensive care unit at this hospital is a 12 
bedded unit and serves the west of Scotland, a 
population of roughly three million people. It 
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combines the regional paediatric cardiothoracic 
unit and the general paediatric intensive care 
unit. Basic data including length of stay, out- 
come, discharge diagnosis, and any readmis- 
sions were recorded for 821 consecutive admis- 
sions to the unit between January 1987 and 31 
June 1988. Each patient was assigned to one of 
five diagnostic categories that were described in 
a previous study of paediatric hospital 
admissions.’ (1) Single gene, chromosomal, 
or - mitochondrial DNA disorders. (2) 
Multifactorial/polygenic conditions—for exam- 
ple, cleft palate, asthma, most congenital heart 
diseases, and seizures. (3) Congenital malforma- 
tions not assigned to category 2—for example, 
renal anomalies and multiple congenital ano- 
maly syndromes. (4) Familial disorders not 
included in the above categories—for example, 
prematurity, malignancy, and near miss cot 
death. (5) Non-genetic disorders—for example, 
trauma and infections. 

Statistical analysis was by the x? test, and a 
probability of <0°05 was accepted as signifi- 
cant. 


Results 

Of 821 admissions to the unit during the 18 
months of the survey, 14 (17%) could not be 
assigned to categories because of lack of infor- 
mation or follow up. 


ADMISSIONS BY CATEGORY 

Category I 

Forty seven admissions (6%) were due to clearly 
genetic disease (table 1). 


Table 1} Genetic disorders for which children were admitted 
to the paediatric intensive care unit 


No of No of 
patients admissions 


Chromosomal: 10 13 
Trisomy 21 8 
Ring chromosome 8 I 
Trisomy 18 l 
Autosomal dominant: 6 9 
Malignant hyperpyrexia 
Velocardiofacial syndrome 
Holt-Oram syndrome 
Crouzon’s disease 
Neurofibromatosis type I 
Benign familial pemphigus 
Autosomal recessive: 
Aminoacidaemia 
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2 
Mucopolysaccharidosis 2 
Metabolic encephalopathy 7 
Cystic fibrosis 2 
Idiopathic arterial calcification l 
Congenital cataract l 
Ataxic telangiectasia l 
X linked: 4 A 4 
Goltz syndrome 1 
Chronic granulomatous disease 1 
Hypergammaglobulinaemia i 
Lowe’s syndrome 1 


Table 2 Number of patients and admissions and mortality 


Category No of Admissions 
patients Toal ROTH 
ota @ (4 


l 36 47 (6) 
2 360 392 (48) 
3 22 34 (4) 
4 70 86 (11) 
5 237 248 (30) 
Unclassified 13 14 (2) 


Total 738 821 (100) 
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Category 2 

There were 392 admissions (48%) for multifac- 
torial disorders. Of these 235 (60%) were due to 
congenital heart disease, the remaining 157 
were due to epilepsy (n=60), cleft lip and/or 
palate (n=29), asthma (n=26), diabetes (n= 
11), neural tube defects (n=9), scoliosis (n=9), 
hydrocephalus (n=7), and cerebral palsy (n=6). 


Category 3 

Thirty four children admitted (4%) had con- 
genital anomalies; single malformations occur- 
red in 22 (65%) and multiple abnormalities in 12 
(35%). 


Category 4 

Eighty six children admitted (10%) had familial 
disorders. Of this group 31 (36%) had malig- 
nancies, 21 (24%) the sequelae of prematurity, 
19 (22%) renal disorders, and 15 (17%) ‘near- 
muss’ sudden infant death syndrome. 


Category 5 

There were 248 admissions (30%) for non- 
genetic disease. Of these 149 (60%) were due 
to infection, the remaining 99 were due to 
trauma (n=31), drug ingestion (n=20), surgical 
abdominal emergencies (n=19), scald or burn 
(n=11), smoke inhalation (n=8), inhaled 
foreign body (n=5), non-accidental injury (n= 
4), and adder bite (n=1). 


LENGTH OF STAY AND OUTCOME (TABLE 2) 

In category 1 there was a significantly higher 
rate of readmission compared with category 5 
(x7=20-6, p<0-001) and the whole group (y?= 
8°14, p<0°01), a longer mean length of stay, 
and a significantly higher mortality rate than 
both the whole group (y?=5-04, p<0-05) and 
category 5 (y7=7-08, p<0-01). 


RISKS OF RECURRENCE AND COUNSELLING 

The risks of recurrence for the families of the 36 
patients (47 admissions, 11 readmissions) with 
category 1 diagnoses were 1:5% or less in 13 
cases (10 new chromosomal abberations, three 
presumed new mutations of autosomal or X 
linked dominant genes); 25% in 19 cases (16 
autosomal and three X linked recessive dis- 
orders); 50% in two cases (autosomal dominant 
phenotypes with a positive family history); and 
unknown in two cases with autosomal dominant 
conditions in which the parents were not 
examined. 


j No (%) Mean length 
RT who died of stay (days) 
No (%) of 
readmissions 
11 (23) 8 (22) 8-6 
32 (8 20 (6) 3-8 
12 (35) 3 (14) 63 
16 (19) 20 (29) 47 
ll (4) 19 (8) 3-5 
1 (7) 6 (46) Not known 
83 (10) 76 (10) 4-2 
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Seventeen of the 36 category 1 families (47%) 
had received formal genetic counselling. Of 
these, four probands had conditions that can be 
diagnosed prenatally by established techniques. 
In two of these families, however, failure to 
store DNA or a fibroblast cell line made this 
impossible. The disorders in these two cases 
were Lowe’s syndrome (oculocerebrorenal syn- 
drome) and Hurler’s syndrome (mucopolysac- 
charidosis type 1). 


Discussion 
The incidence of genetic disease in this study 
(5:7%) is within the range 3°5-7°1% reported in 
other studies of paediatric inpatients.' * Half of 
the deaths in category 1 were of recessive 
conditions (two X linked, two autosomal) with 
risks of recurrence of 25%. The single gene and 
chromosomal disorders also had a higher read- 
mission rate and longer stay in the intensive care 
unit. Their prevention thus assumes importance 
for both affected families and health care 
planners. 

Storage of DNA or cell lines, or both, ıs 
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best placed to provide the staff with advic 
about conditions that can be diagnosed and con 
firmed by genetic testing, and about sampling 


techniques and appropriate storage. 

Although our study showed that single gen 
disorders accounted for a small bu 
proportion of the intensive care unit ¢ 
is probably an underestimate. For example, in a 
recent survey of cases of Reye’s 
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to ‘inborn errors of metabolism’.” Thus there 
are almost certainly genetic disorders awaiting 
delineation that will account for some cases in 
diagnostic categories such as sudden or 
miss’ infant death.” In the light of 
recommend that all children and infants with 
unexplained life threatening illnesses that 
require intensive care should have urine, serum, 
and whole blood (EDTA) stored at —70" 


near 


this wo 


Careful consideration should also be given 
obtaining a skin biopsy specimen for fibroblast 
culture, and storing samples of other tissues 


(such as muscle and liver) at — 70° 
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Discussion 

Until now only a few children with malforma- 

tions born to mothers being treated with carba- 
mazepine alone have been reported, and 
descriptions of the malformations are scanty.' k 
In a study published in 1981 the head circum- 
ferences of 20 offspring of mothers taking 
carbamazepine alone were on average smaller 
than those of a control group.? Among eight 
other infants of mothers taking carbamazepine 
alone a few were reported to have reduced head 
circumference or slight facial dysmorphism, but 
they were not followed up.* 

In a multicentre investigation malformations 
were described in four infants born to mothers 
taking carbamazepine alone. These malforma- 
tions were spina bifida, congenital heart disease, 
diaphragmatic hernia, and digital hypoplasia 
and hydronephrosis.” In another multicentre 
investigation a single case with a low birth 
weight and reduced head circumference was 
reported, but no details were given. 

In 1989 Jones et al reported intrauterine 

= 3 | 2 weight reduction and craniofacial abnormalities 
De tse ——¥®-4_retrospective—study.”In—a— prospective 
bridge 1s broad. The palpebral fissures slant downwards. investigation of 35 infants of mothers taking 
carbamazepine alone they found that some of 
the children had growth retardation, facial 
abnormalities, developmental delay, or hypo- 
plastic fingernails. In contrast to those of Jones 
et al’ and Bertollini et al’ our case did not have 
hypoplastic finger nails. In four of 35 cases 

Jones et al found palpebral fissures that slanted 

upwards. In contrast, our case had palpebral 

fissures that slanted downwards. 
Carbamazepine seems to be associated with 
different patterns of defects. In our case we 

found intrauterine growth retardation and a 

dysmorphic facial appearance. At follow up at 

18 months of age growth retardation and mental 
retardation was evident. In the study by Jones et 

al developmental delay was found in 20% of the 

children who underwent formal neurobehaviou- 
—ral-assessments:-—Until-now-only-a-few-reports—— 
have been published describing malformations 
in children born to mothers taking carbamaze- 
pine alone. This may be because carbamazepine 
is only slightly teratogenic, or because the prob- 
lem is unrecognised. The published reports 
together with our case seem to indicate that 
carbamazepine alone may have a teratogenic 
Figure2 Lateral view of the girl aged 12 months. The effect, but a possible phenotype of carbamaze- 


forehead is prominent and the ears are set low, butnot pine teratogenicity has not yet been identified. d 
deformed. The hair is sparse, but otherwise normal. 
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Providing medical care for children 


David Hull, President of the British Paediatric Association 


That ‘enterprise’ which brings the benefits of 
medical science to the British, the National 
Health Service (NHS), is undergoing a mana- 
gerial reorganisation. The overall objectives of 
the ‘health service industry’ are stated in the 
white paper. Good management requires that 
there is something in it for those who own the 
‘factory’ and something for the ‘workers’. The 
owners also happen to be the customers, such is 
the nature of nationalised industries. For them 
the aim is to provide better health care and 
greater choice of the services. For the staff there 
is to be greater satisfaction and rewards for 
those working in the NHS who successfully 
respond to local needs and preferences. No one 
can take exception to either of these ambitions. 

The NHS is not a manufacturing industry 
but a service. We do not have a product like a 
can of beans, we provide a service, the item of 
service is the interaction between the patient 
and a health professional. The problem with the 
current arrangement in the NHS is that those 
who ‘lay on hands’ aim to do the best for their 
patient and acknowledge no financial restraint, 
indeed they have little influence over those who 
allocate resources. Currently those who control 
the resources are unable to allocate them in a 
way that acknowledges the medical needs, 
however those are defined, of the people they 
serve. Health authorities, the purchasers, who 
buy the service on behalf of all of us, are 
required to ensure that (1) there are effective 
services for the prevention and control of dis- 
eases and the promotion of health, (2) their 
population has access to a comprehensive range 
of high quality, value for money services, and 
(3) they set targets for and monitor the units for 
which they continue to have responsibility. 

In Nottingham those of us working with chil- 
dren have interpreted these notions with respect 
to the service we provide for children to give us 
the following objectives: 

e To provide a quality service to all children 
when and where it is most appropriate 

è To support families in the care of their 
children 

e To take whatever actions we can to ensure 
that as many children as possible reach adult- 
hood with their potential uncompromised by ill- 
ness or environmental hazard 

e To provide a single comprehensive service 

è To introduce audit in the framework of 
quality management. 
We have tried to spell out the implications of 
these objectives in our service statement. 

It is inevitable that as we try to understand 
the new management arrangements and how 
they will affect the service we hope to provide 


for children, that we will get entangled with the 
details and we will be frustrated and perhaps 
disappointed by the frameworks that are 
applied to control our own working practices. 
Notions like ‘smooth take off, ‘level transfer’, 
‘letters of comfort’, ‘mission statements’ have at 
least a certain ‘Alice in Wonderland’ charm. But 
we must not make the mistake that Alice did 
when she asked the Cheshire cat which way she 
should go. If we have no vision of what we want 
for the medical services for children then we 
must not complain about the way we are man- 
aged. How can the ‘managers’ know if we do 
not tell them. 

1991 provides us with an excellent opportun- 
ity to consider what we would want, what 
changes we would like to see, and what prob- 
lems we would like addressed. The situation 
requires that we are realistic and reasonable, 
this is not the time to dream of what might be if 
we lived in a community which shares our 
values or a UK with a flourishing economy and 
a world without war and famine. It does mean 
however that we need not bind ourselves to 
arrangements which have been hallowed by 
time. It is not self evident, as many of the prop- 
osed arrangements appear to envisage, that hos- 
pitals working on outpatient and inpatient acti- 
vities are the best way to provide the service. 

The ‘balanced district general hospital’, that 
egalitarian dream of the last reorganisation 
which resulted in the closure of many small chil- 
dren’s hospitals, left those of us concerned with 
children repeatedly stating that children are dif- 
ferent and need special consideration not 
because they suffer from strange childhood illnes- 
ses but because they are children. 

We might be forgiven, but then again we 
might not, if we again state the obvious. Yes 
children are a burden, no they do not produce, 
yes they need care and protection whether they 
are ill or not, but they are the sowers and the 
gatherers of the future. They need a medical 
provision which is tailored to their special 
needs, it is nonsense to adapt services designed 
for adults by an adjustment in time or scale, that 
is usually as dangerous and misguided as reduc- 
ing the height on 20% of the steps on the stairs 
in the hospital because 20% of those who use the 
stairs are children who have shorter legs. 

The argument for giving the medical services 
for children the highest priority rests not on the 
emotional appeal of ‘women and children first’ 
but on the grounds that a healthy future genera- 
tion is the best way of looking after the well- 
being of us all. Put in negative and harsh terms, 
a damaged child becomes a damaged adult and 
for the ‘Medical Industries Inc’ they are a long 
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and expensive non-economic drain on re- 
sources. This is well illustrated by the size of 
the ‘one off’ pay settlements awarded by judges 
when doctors have been found at fault in the 
care they provided for a child who is left dam- 
aged. In such matters judges do not recognise 
the welfare state! What I propose in this brief 
statement is to highlight some of the challenges 
inherent in the proposed changes. 


Specialist, high tech care 

Here we must face some painful choices. We 
should not complain too much for in most of the 
world they do not even have the choice. What 
should be the ‘outcome measures’ against which 
we audit our expensive high tech medical servi- 
ces like intensive neonatal care, cardiac surgery, 
neurosurgery, oncology services, etc? The out- 
come measures which are most easily measured 
are mortality rates. For example perinatal mor- 
tality has been a popular measure of health ser- 
vice provision in the past, the first UK Perinatal 
Mortality Survey had a major impact on the 
future provision of services: women went to 
hospital to have their babies, and each mater- 
nity unit has a neonatal unit. 

And yet it has not been a primary objective in 
Nottingham for us to reduce our perinatal mor- 
tality rate for some 10 years, though obviously 
we would like it to be nothing (or at least better 
than anyone elses!). Of more concern to us is 
the handicap rate. Given the current technology 
for the care of infants on the edge of viability we 
often achieve survival with the near certainty of 
handicap. It is an unhappy fact that doctors who 
specialise in neonatal medicine rarely have to 
face up to the consequences of their ‘success’. 
The legal position is no protection, the law by 
its very nature follows events, here whether we 
like it or not we have to decide what is good and 
what is bad. But the moral debate is no easier, 
destruction in utero four weeks earlier in gesta- 
tion is desired by many families if the fetus is 
abnormal. We provide a service to our custom- 
ers, is the customer always right? Can we find 
refuge in the thought that it is what we would 
want for our own child. What would you want if 
your child, born at 24 weeks’ gestation, was 
ventilator dependent on day 7 with grade 4 
intraventricular haemorrhage? If you controlled 
the budget would you invest more and more in 
the sophisticated tools of neonatal intensive care 
when there is good evidence that gentleness and 
minimal intervention causes less damage? It 
might be difficult to establish one way or the 
other whether taking control by active interven- 
tions or by judicious but selective support leads 
to the lower neonatal mortality rate. Doing and 
trying always seems the more commendable 
approach. 

The time has come when we have to make 
some difficult choices. The control of services 
for the special and intensive care of newborn 
infants must stay close to the people who are 
served, the purchasers must know about the 
people, their concerns, their hopes and their 
dreams, and they must learn what happens to 
the fragile creatures that are handed to their 
parents when they leave such units. It is wrong 
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to give parents a responsibility they, with the 
best will in the world, cannot carry. We must 
not be surprised to be told yet again that prema- 
ture birth and low birth weight are good indices 
of disadvantage, nor should we pretend that it 1s 
not so. Ordinary folk in distress or passing 
through troubled times have different priorities 
to the noble well resourced. 

So the future of intensive neonatal care needs 
to be examined carefully. Small units are 
unlikely to do it well, technically or economi- 
cally. Regional health authorities have shed 
their responsibility for intensive neonatal care, 
they appear to have left it to ‘market forces’ to 
establish new networks. It seems to me that all 
maternity units need level 1 and 2 neonatal ser- 
vices, and that they should control the transfer 
to and from a level 3 centre whose quality man- 
agement, system, control and assessment, are 
public knowledge and subject to external audit 
from the beginning. The UK has too small a 
population and our resources are too limited to 
allow everyone who wishes to do level 3 care to 
do it. It should no longer be the stalking terri- 
tory of the enthusiastic neonatologist. 

Debate along similar lines could be followed 
for most of the specialist tertiary services for 
children, as well as for the intensive care of 
older children. 


Family care 

Once infants leave the hospital in which they 
have been born their care is the responsibility of 
their parents. Initially parents may need sup- 
port and help in their new task, and this is the 
time when any support is most welcome and is 
likely to be most effective. Help with early rear- 
ing was one of the main reasons why health visi- 
tors were appointed and the child health service 
(infant welfare clinics) were established. Very 
quickly the parents become the experts in the 
care of their child. Infants are very dependent 
on their parents’ awareness and skill in attend- 
ing to their needs. When an infant falls sick, 
those skills become especially important, the art 
of caring for sick children is to make optimal 
use of this awareness and skill for the child’s 
benefit. Again this is not just a soft cuddly not- 
ion about the sanctity of the family, or an exam- 
ple of parents’ ‘rights’. Examination of hospital 
statistics shows that the majority of children 
admitted to hospital with medical conditions are 
under 2 years of age, they have acute illness 
requiring emergency admissions, and that they 
are in hospital for one or two days only, Given 
that scenario, it is unthinkable, if we aim to pro- 
vide a quality service, not to have adequate and 
acceptable accommodation for thé child’s 
parents, and not to accept that it is the primary 
duty of the staff to support the parents in the 
care of their child. In Nottingham we explored 
the concept of ‘parent care units’ and concluded 
that it was inappropriate for our service, parent 
care is not an extra for some children, nor an 
economic option, it is central to the care of all 
children. We are, of course, aware that it ts 
sometimes the parents who need the care, we 
only wish we were able to address that need 
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more directly. Our primary responsibility is to 
the child, it has taken longer than could poss- 
ibly have been imagined to persuade hospital 
management that parents staying in hospital 
need resources. Any contract for hospital servi- 
ces for children should include a clear statement 
of what is provided for parents to assist them in 
continuing their vital contribution to the care of 
their sick child. 

The problem with the introduction of change 
is that managers and staff alike retreat into well 
tried (but not necessarily effective) arrangements 
understood by everyone. The government, and 
those who drafted the white papers on the 
Health Services Act are no exception. They 
speak of hospital trusts. It is not unexpected to 
find that those seeking such status are hospitals. 
No one doubts that hospitals are fine institu- 
tions in which to receive surgical attention. It 
does not follow that it is also the optimal 
environment to recover from surgery or be 
cared for when one falls ill with disease not open 
to surgical remedy. Over the last few years in 
paediatric medicine there have been many suc- 
cessful attempts to transfer the ‘hospital care’ of 
children, particularly those with chronic illness, 
from the hospital to the home and school. Thus 
services have been developed to support the 
family in the home and the teachers in the 
school. It would be a retrograde step to insist 
that this work takes the form of ‘outpatient’ or 
‘inpatient’ activity so that the staff duties are 
accountable, For example, consultant “fixed ses- 
sions’ do not make much sense for a doctor who 
provides a service for families with a diabetic 
child, any more than they do for an inpatient 
service with an average length of stay of two 
days. 


Health care 

The medical services for the newborn are the 
entry point into the medical services for chil- 
dren, they are the point of first contact. In one 
sense they are a primary care service. In the UK 
we have a fine tradition of general practice. The 
proposed new arrangements are important 
because they introduce health promotion activi- 
ties formally into family practice. How these 
will work out in the inner city areas where they 
are perhaps most needed remains to be seen. 
They may also bring with them ‘duties’ which 
are difficult to foresee: if a child is not vaccin- 
ated, is the family doctor liable? Has he failed in 
his responsibilities to the child. The World 
Health Organisation holds the view that no 
child should be denied the protection that an 
immunisation programme can give, and this is 
echoed in Department of Health advice. Doc- 
tors are being sued because they recommended 


against the pertussis vaccine and the child was 


subsequently damaged by the illness. 


It would be as wrong in this matter, as itis in . 


other areas, to run for cover just because the 
‘rules’ are a little confused. We must do what 
we believe to be best for the child. In this matter 
as in the care of their children when they are ill, 
parents have the major responsibility. They will 
want to know what they can do to look after 
their child’s interests. A major advance is the 
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introduction of a parent held record. There can 
be no doubt that this will increase in sophistica- 
tion in the future. If I can go to cash dispensers 
in many towns and cities of the UK and find out 
how much I have in my account then it should 
not be long before we can set up a system that 
ensures all the children in our area of responsi- 
bility have had the necessary health checks and 
immunisations. Nor should it be difficult to 
introduce technology which gives parents access 
to information, in a form that they can under- 
stand, to assist them to make the necessary deci- 
sions about the health of their child. This will 
inevitably change the nature of the medical 
interview. The doctor’s task will be as it has 
always been, to help his or her patient to make 
best use of what services are available. 


Shared care 

The newborn child becomes a separate indi- 
vidual with a ‘right’ to life. Talking about chil- 
dren’s ‘rights’ always leads to problems, and 
there has been a lot of talking recently. 
However, it need not be made too complicated. 
Children need care and protection and it is the 
parents’ responsibility to provide it. This is 
clearly stated in the Children Act 1991. Chil- 
dren also need to be respected for what they are 
and what they understand. Due regard must be 
given to any wishes or opinions that they have. 
It is awareness and understanding of these that 
is the special skill of those who work with chil- 
dren. There is however another aspect to all this 
which enlarges the duties of all professionals 
who work with children. It relates not to their 
professional skills but to the fact that they are 
responsible adults who are aware of a child’s 
needs. The Children Act states that a child shall 
be taken to be in need if (a) he is unlikely to 
achieve or maintain . . . a reasonable standard 
of health or development without the provision 
for him of services by a local authority, (b) his 
health or development is likely to be signifi- 
cantly impaired . . . without such services, and 
(c) he is disabled. 

A child is in need if his or her parents are not 
able to provide adequate care and protection. 
We too have a duty to do something if we have 
reason to believe that the parents are not able or 
willing to meet the needs of their child. In a 
later section the Children Act defines ‘harm’ as 
ill treatment or the impairment of health or 
development, which is not unlike the definition 
of need but the implications for those who 
become aware that the child is ‘at risk’ of harm 
are more prescribed. The Children Act was 
drafted by persons of great vision, no doubt the 
cynics will find their way through it, but we 
must not let them distract us. Children when 
they have need or are being harmed are often 
brought for medical attention. Thus our respon- 
sibilities extend well beyond the exercise of 
our craft. The medical services for children are 
a social agency and must work with the other 
agencies if we are to meet our wider responsi- 
bilities. Much has been said and written about 
interagency working. I suspect we would need 
far less if we could all remember that our pur- 
pose is to help the child and not to overstate our 
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own contribution or protect ourselves and our 
agencies from criticism. 

Many of the outcome measures of the medical 
services for children are shared by the other 
agencies working with children, the law, police, 
social service and education, as well as many 
voluntary bodies. There is too much to be done 
for us to spend time competing or worse, squab- 
bling. 

In 1976, the Court report Fit for the Future 
set a vision for the future; perhaps its greatest 
contribution was to stress the importance of 
community services. In the 1990s we must aim 
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to provide a single comprehensive service for 
children which integrates medical care with 
health promotion and which does not allow 
management boundaries or professional self 
interest to diminish its effectiveness. 

In this brief comment on the state of the 
medical service for children in the UK, I have 
tried to state the vision, and touched on some of 
the implications with examples from the prim- 
ary, secondary, and tertiary services. We live in 
interesting times, they are the only ones we 
have, and it will be interesting to see what we 
can make of them. 


A 


Archives of Disease in Childhood 1991; 66: 647-652 


647 





PERSONAL PRACTICE 





Department of 
Paediatrics, 

Royal Brompton and 
National Heart Hospital 
and National Heart 

and Lung Institute, 
Fulham Road, 

London SW3 6HP 
Janice A Till 

Elliot A Shinebourne 


Correspondence to: 
Dr Till. 


supraventricular tachycardia: diagnosis and current 


acute management 
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There is a small but potentially avoidable inci- 
dence of death associated with childhood supra- 
ventricular tachycardia.! * The time of greatest 
risk is when the child presents for the first time 
and requires therapeutic intervention. Infants 
and children tolerate arrhythmias less well than 
adults as they are more dependent on heart rate 
for cardiac output and have less reserve.? * 
They are „also at risk from drugs given as 
treatment.” We discuss our current acute man- 
agement of supraventricular tachycardia. 


Diagnosis 
Between 30 and 40% of children who present 
with supraventricular tachycardia do so within 
the first few weeks of life. Their presentation is 
variable. Supraventricular tachycardia can be 
the cause of unexplained hydrops of the fetus or 
can result in sudden profound cardiovascular 
collapse in the newborn period.° More usually 
neonates’ and small infants will present with 
symptoms of increasing tachypnoea, poor feed- 
ing, and pallor which have developed over a few 
days. Occasionally supraventricular tachycardia 
is intermittent and a strong index of suspicion 
must be maintained if the diagnosis is not to be 
missed. The older child more usually presents 
with a history of palpitations. 

The most common type of supraventricular 


-~ tachycardia in childhood results from a re-entry 


circuit between atria and ventricles involving 
the atrioventricular node as the antegrade limb 
and an accessory connection between ventricle 
and atrium as the retrograde limb (fig 1). This 
type of tachycardia, atrioventricular re-entry 
tachycardia, can be classified as a junctional 
supraventricular tachycardia (table). An acces- 
sory connection may occur anywhere around 
the atrioventricular ring. If it is capable of sup- 
porting conduction antegradely from atrium to 
ventricle, as well as retrogradely, the usual 
situation during supraventricular tachycardia, it 
will be manifest on the electrocardiogram dur- 
ing sinus rhythm as a short PR interval and 
delta wave. Such pre-excitation of the ventricle 
together with supraventricular tachycardia is 
the syndrome described by Wolff, Parkinson, 
and White.’ If conduction is restricted to the 
retrograde direction, atrioventricular re-entry 
tachycardia is possible but there will be no evi- 
dence of the connection on the electrocardio- 
gram during sinus rhythm, a situation termed 
concealed pre-excitation. 

The majority of children with an accessory 
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Figure | An electrocardiogram recorded from a 1 week old 
neonate with atrioventricular re-entry tachycardia showing 
the typical pattern with a P’ wave almost midway between 
ORS complexes. 


Classification of supraventricular tachycardia 


Junctional tachycardias 

Atrioventricular re-entry tachycardia (AVRT) 

Orthodromic AVRT: 
Tachycardia involving a circuit utilising the atrioventricular 
node as the antegrade limb and an accessory connection between 
ventricle and atrium as the retrograde limb 

Antidromic AVRT: 
Tachycardia involving a circuit utilising an accessory Connection 
as the antegrade limb and the atrioventricular node as the 
retrograde limb 


Atrioventricular nodal re-entry tachycardia (AVNRT) 
Tachycardia involving a circuit the two limbs of which are 
intimately associated with the atrioventricular node. The atria 
and ventricles are activated as offshoots of the circuit. The 
common type of AVNRT is typified by slow conduction 
antegradely and fast conduction retrogradely, the uncommon 
type by fast conduction antegradely and slow conduction 
retrogradely 


Long R--P’ tachycardia 

Tachycardia involving a circuit utilising the atrioventricular node 
as the antegrade limb and a slow conducting pathway as the 
retrograde limb. The latter may be an accessory connection in close 
association with the atrioventricular node, in the 

posteroseptal position or remote from the atrioventricular node 


Atrial tachycardias 

Atrial tachycardia 

Tachycardia characterised by discrete atrial activity on the surface 
electrocardiogram with varying ventricular response resulting 
either from a micro re-entry circuit or ectopic focus confined 
within the atria 


Atrial flutter 

Tachycardia characterised by a sawtooth undulation of the 
baseline on the surface electrocardiogram probably resulting 
from conduction around a re-entry circuit within the atria 


Atrial fibrillation 

Tachycardia characterised by chaotic low voltage ‘fibrillatory’ 
waves on the surface electrocardiogram with an irregularly 
irregular ventricular response, resulting from disordered atrial 
actvity 
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connection do not have structural congenital 
heart disease. When there is a structural ano- 
maly this is most commonly Ebstein’s anomaly 
of the tricuspid valve or less frequently, cor- 
rected transposition (discordant atrioventricular 
connection, discordant ventriculoarterial con- 
nection). 

Atrioventricular re-entry tachycardia ac- 
counts for the great majority of supraventri- 
cular tachycardias presenting in the first year of 
life. The spectrum of supraventricular tachycar- 
dia in older children is wider and both atrial and 
other junctional tachycardias such as atrioven- 
tricular nodal re-entry tachycardia or long R-P’ 
tachycardia are more frequently seen. They can 
usually be distinguished from the surface elec- 
trocardiogram. Junctional tachycardias are 
characterised by a narrow regular QRS complex 
and a one to one relationship between the P’ 
waves and the QRS complexes during tachycar- 
dia. In atrioventricular re-entry tachycardia this 
one to one relationship is a necessity if the 
tachycardia is to continue, as disruption of the 
relationship between atrium and ventricle will 
interrupt the circuit and stop the tachycardia. 
Typically during atrioventricular re-entry 
tachycardia there is a P’ wave easily seen follow- 
ing the QRS complex. This is because the atria 
are depolarised only after the electrical impulse 
has travelled sequentially through the His- 
Purkinje system, ventricular muscle, and acces- 
sory connection. There is therefore a time inter- 
val, usually greater than 70 msec, between ven- 
tricular and atrial depolarisation. In contrast, 
during atrioventricular nodal re-entry tachycar- 
dia the atria and ventricles are both activated as 
offshoots of a re-entry circuit involving a fast 
and slow pathway in close association with the 
atrioventricular node. The retrograde pathway 
is typically fast and therefore atria and ventri- 
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cles are depolarised almost simultaneously. As a 
result the P’ wave is not easily seen, being hid- 
den from view by the QRS complex. The other 
less common junctional tachycardia, the long R- 
P’ tachycardia, can often be distinguished by its 
‘persistent’ nature, stopping and starting during 
the electrocardiogram recording, and the char- 
acteristic superior P’ wave axis, seen just before 
the QRS complex (fig 2). This electrocardiog- 
raphic pattern represents a re-entry circuit 
involving the atrioventricular node antegradely 
and a slow conducting pathway, which may 
either be an accessory pathway or part of the 
atrioventricular node, retrogradely. It is this 
long interval between the R wave of the QRS 
complex and the P’ wave, representing slow 
conduction in the retrograde pathway, that 
gives the tachycardia its name." 

Atrial arrhythmias, for example, atrial tachy- 
cardia, atrial fibrillation, or flutter, are not often 
seen in the first year of life. They are more 
common, especially after cardiac surgery, in the 
older child with structural heart disease where 
the atria are distorted or distended, or in the 
child with myocarditis. They may occasionally 
be seen in association with an accessory connec- 
tion. Unlike the more common junctional 
tachycardias they can continue in the presence 
of atrioventricular nodal block; a one to one 
relationship of atrial to ventricular depolarisa- 
tion is not required. 

Before any treatment is administered the 
tachycardia should be documented by recording 
a 12 lead electrocardiogram and rhythm strip. 
This is important as correct diagnosis of the 
arrhythmia should guide treatment and prevent 
use of inappropriate or potentially hazardous 
drugs. Ventricular tachycardia should be exclu- 
ded. Ventricular arrhythmias are relatively 
uncommon in childhood. When they do occur 
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Figure2 A section from a 24 hour tape recording performed on an infant with a long R-P’ tachycardia. The 
electrocardiogram (top) (25 mmisec), shows the tachycardia with P’ wave (inverted) just before the ORS complex, terminating 
spontaneously. There follows four beats of sinus rhythm before the tachycardia reinitiates. The three minute sequence shown 


below shows how this behaviour continues repeatedly. 
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Figure3 (A) Leads 1, II, and III from an electrocardiogram recorded from a 1 year old child with ventricular tachycardia. 
The child had an otherwise structuraily normal heart, no electrolyte inbalance, and was haemodynamically stable at the time of 
the recording. The rate is 320 bpm and atrioventricular dissociation can be seen. (B) Similar leads taken from an 
electrocardiogram recorded from the same child some hours later after a spontaneous slowing of ventricular tachycardia rate. 


Capture beats are now seen (4th and 9th ORS complex). 


they are most frequently only recognised after a 
cardiac arrest as a result of inappropriate drug 
treatment given in the mistaken belief that the 
arrhythmia being treated was supraventricular 
tachycardia.” Unfortunately the electrocardio- 
graphic appearances of ventricular tachycardia 
are not typical in early life. The QRS complex 
is not neccessarily grossly widened and the rate 
may exceed 300 beats/minute (bpm). Helpful 
signs are an abnormal QRS axis for age, the pre- 
sence of fusion or capture beats and atrioventri- 
cular dissociation (fig 3). It is rare for supraven- 
tricular tachycardia to have a wide QRS com- 
plex in childhood but may be seen in association 
with Ebstein’s anomaly,’ after cardiac surgery 
. requiring a ventriculotomy or after treatment 
with antiarrhythmic drugs. Then the morphol- 
ogy of the QRS complex closely resembles that 
of either right or left bundle branch block (more 
commonly right). Comparison with previous 
electrocardiograms, if available, is invaluable as 
the presence of bundle branch block most often 
predates the onset of tachycardia. It is compara- 
tively rare to develop bundle branch block as a 
result of tachycardia. 


Treatment 

The ideal acute management of supraventricu- 
lar tachycardia is a subject hotly debated by car- 
diologists, but in practice, one that depends on 
facilities locally available. If the child is tolerat- 
ing the arrhythmia well and the supraventricu- 


SVT ?AVRT or AVNRT 


Vagal manceuvres 


| No response 


IV adenosine 


| No response 


Check diagnosis 


Uncertain of diagnosis/ 
child sick 


| cardioversion | 


Certain of diagnosis/ 
child uncompromised 


IV flecainide 


Figure4 Acute management of supraventricular 
tachycardia (SVT) in childhood: current recommendations. 
AVRT, atrioventricular re-entry tachycardia; AVNRT, 
atrioventricular nodal re-entry tachycardia. 


lar tachycardia is judged to be one of the more 
common junctional tachycardias, atrioventricu- 
lar re-entry tachycardia or atrioventricular 
nodal re-entry tachycardia, there are a number 
of options available, any of which are accept- 
able. Our current recommendations are out- 
lined in fig 4. | 

Vagal manoeuvres are easy to perform, quick, 
safe, and often successful.” Immersion of an 
infant’s face in cold water, to elicit the diving 
reflex, appears to be very effective.'° Some 
older children will actively participate in vagal 
manoeuvres, particularly if it is not their first 
attack. Others are too frightened and attempts 
at immersing their face in cold water do little to 
improve this. If vagal manoeuvres fail drug 
treatment may be considered. 

Digoxin has been used to treat supraventricu- 
lar tachycardia for many years. It has advanta- 
ges in that it is familiar and is not negatively 
inotropic. More recently digoxin has fallen from 
favour because of the danger of inappropriate 
treatment of ventricular tachycardia, where it 
may precipitate ventricular fibrillation, and 
because of the slowness of its action (median 
time six hours).'! In preference therefore we 
would chose adenosine as the drug of first 
choice for the treatment of acute supraventricu- 
lar tachycardia. Adenosine is a new drug with 
many attractive characteristics. It acts by slow- 
ing atrioventricular nodal conduction thus dis- 
rupting a re-entry circuit (fig 5). It has a rapid 
onset of action and is effective within 10 to 20 
seconds of being given intravenously in approxi- 
mately 86% of junctional tachycardias.'?"'* It 
has a short half life of 10-15 seconds so side 
effects, which occur in one third of patients tre- 
ated, are transient and rarely require interven- 
tion. Additionally adenosine is not negatively 
inotropic in this form and so may be given to an 
infant or child in low cardiac output without 
fear of exacerbating this. Moreover if adenosine 
is administered to a child with ventricular 
tachycardia by mistake it will not precipitate 
ventricular fibrillation. Indeed a bolus of adeno- 
sine can be used in the difficult situation of a 
wide complex tachycardia as a diagnostic aid to 
help distinguish ventricular from supraventri- 
cular tachycardia.!” The main disadvantage of 
using adenosine is that in approximately 30% of 
cases the tachycardia will reinitiate. None the 
less because of ‘its high safety profile it is our 
drug of first choice. 
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Verapamil is highly effective in terminating 
supraventricular tachycardia in children as in 
adults and has been advocated in the past as the 
treatment of choice for the acute management of 
supraventricular tachycardia.'*'? Verapamil 
has the advantage that it brings about termina- 
tion of tachycardia in a more gradual fashion 
than adenosine and the tachycardia is less likely 
to reinitiate soon after stopping. Verapamil is 
negatively inotropic, however, and suppresses 
both sinus and atrioventricular node function 
and within the last few years reports have been 
published of infants reacting to verapamil with 
profound bradycardia and hypotension.'”?! In 
some cases this has been irreversible despite the 
use of calcium. Deaths such as these have 
caused physicians to suggest that verapamil 
should never be used in infancy. Undoubtedly 
some of the reported cases have been due to 
inappropriate use, such as following the admi- 
nistration of B blockers or in infants with known 
severe ventricular dysfunction,’ but there is 
some evidence to support the notion that young 
infants are more sensitive to verapamil than 
adults.*? As there appears to be a safe alterna- 
tive in the form of adenosine we have adopted 
the latter drug when treating infants less than 1 
year of age. 

Flecainide is a further antiarrhythmic drug 
which may soon be licensed for use in children 
in this country. Like other class Ic drugs it has a 
different mode of action from the drugs so far 
discussed, exerting profound effects on the 
accessory connection as well as the atrioventri- 
cular node. Typically when used to terminate 
supraventricular tachycardia, the arrhythmia 
will be seen to terminate with a QRS complex as 
retrograde conduction in the accessory connec- 
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tion is prevented (fig 5). It is useful, therefore, 
in the management of those tachycardias that 
are refractory to vagal manoeuvres or adeno- 
sine.” It also has actions on the atria and can be 
used to treat atrial arrhythmias.”* However 
flecainide is negatively inotropic and can be 
proarrhythmic. It should therefore be given 
slowly over at least 10 minutes with careful 
attention to the electrocardiogram and blood 
pressure. 

Other therapeutic options available when 
dealing with the acute situation are direct 
current (DC) cardioversion or pacing, either via 
an oesophageal or transvenous electrode. If the 
child is sick and a rapid response with no 
further depressant effect on cardiac output is 
required vagal manoeuvres can still be tried. 
Intravenous adenosine is safe and effective, if 
readily available (see footnote), but if not, DC 
cardioversion should be tried. We use one 
joule/kg in the first instance. If the QRS com- 
plex is wide but supraventricular tachycardia is 
suspected, vagal manoeuvres or intravenous 
adenosine can still be safely given. Because of 
the risk that a wide QRS complex tachycardia 
may be ventricular in origin verapamil and 
digoxin should not be used. Pacing techniques 
can be very effective and are relatively easy to 
apply,” 7° but equipment is usually available 
only in cardiac centres. 

Of the many other antiarrhythmic drug avail- 
able all have potential disadvantages. In the 
acute situation when vagal manoeuvres and ade- 
nosine have failed we use flecainide if ventricu- 
lar function is not seriously impaired. If ventri- 
cular function is impaired we would try DC 
cardioversion or pacing to prevent further 
deterioration. We chose flecainide because it is a 
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Figure S Two rhythm strips of lead V2 recorded from a child with atrioventricular re-entry tachycardia. The upper strip ts 
recorded after the administration of intravenous flecainide showing the typical response of a slowing tachycardia rate followed 
by termination. Termination characteristically occurs in the limb of the circuit formed by the accessory connection (the 
tachycardia stops after a QRS complex). The lower strip is a recording from the same child on a different occasion after the 
administration of intravenous adenosine. The tachycardia terminates in the atrioventricular nodal limb of the circuit (the 
tachycardia stops after a P’ wave), a sinus beat follows, and then the next sinus beat ts followed by an atrial echo beat. This 


pattern continues until sinus rhythm resumes. 
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Figure6 Electrocardiogram recorded from a child with atrial flutter showing the typical response of atrial flutter to 
intravenous adenosine. Adenosine fails to stabilise the atria but causes a transient slowing of ventricular rate as a result of an 
increased degree of atrioventricular nodal block, allowing confirmation of the diagnosis. 


class 1 drug with with which we are familiar. 
Preliminary studies in children using propa- 
fenone are also favourable. 

Atrial arrhythmias, in contrast to junctional, 
seldom respond to vagal manoeuvres and 
atrioventricular nodal blocking drugs such as 
adenosine or digoxin merely slow the ventricu- 
lar rate rather than stopping the tachycardia (fig 
6). DC cardioversion may be more effective at 
restoring sinus rhythm in this situation. Other- 
wise a class 1 drug such as flecainide may be 
necessary to stabilise the atria. If digoxin is used 
in an attempt to slow the ventricular rate, under- 
lying Wolff-Parkinson-White syndrome must 
be excluded first, as digoxin may allow an increase 
in the conduction of atrial impulses to the ventri- 
cle via the accessory connection thus precipitat- 
ing ventricular flutter or fibrillation.?’ 7° 

For those children with structural congenital 
heart disease particularly those who develop 
arrhythmias late after surgery management is 
less easy. Surgery may leave a child with ventri- 
cular dysfunction and arrhythmias may be 
poorly tolerated requiring prompt treatment. 
Negatively inotropic drugs must be used with 
great care in this group for fear of exacerbating 
ventricular dysfunction.” Trauma to the 
sinuatrial junction at the time of operation may 
result in sinus node dysfunction and conversion 
from a rapid tachycardia may disclose an inade- 
quate recovery response from the sinus node. 
Children who have undergone the Mustard or 
Senning procedure for transposition of the great 
arteries, or those who have survived the Fontan 
procedure most commonly used for tricuspid 
atresia or double inlet left ventricle, are 
frequent sufferers of recurrent atrial arrhyth- 
mias, often in the setting of sinus node dysfunc- 
tion, so called tachybrady syndrome.*° *! Such 
children present very difficult management 
problems and conversion from tachycardia 
should ideally only be attempted if facilities are 
available for temporary pacing. 


Prognosis 
After the diagnosis and successful termination 
of the first attack the prognosis for children 
with atrioventricular re-entry tachycardia pre- 
senting in the first month of life and early 
infancy is good and many have no further 
attacks.! ? However, we frequently chose to 
treat all children for the first year of their lives. 
After this, they are better able to communicate 
their problem and are less likely to become 
haemodynamically compromised should they 
develop further episodes of supraventricular 
tachycardia. The cause of the apparent resolu- 
tion of the condition is unclear. Some authors 
have suggested that the accessory pathway in 
such children disappears completely as if the 
heart were completing its developmental pro- 
cess after birth. Other authors have suggested 
that the accessory pathway merely becomes dor- 
mant and have shown that the triggers required 
to initiate the re-entry circuit change with 
increasing age.” 33 

In terms of freedom from recurrences of 
arıhythmias the long term prognosis for chil- 
dren presenting later in their lives is not as good 
as in those infants presenting with the first year 
as they are less likely to ‘grow out’ of their 
tachycardias.” Even children with atrioventricu- 
lar re-entry tachycardia and an otherwise struc- 
turally normal heart, presenting at this age, 
tend to continue having attacks of supraventri- 
cular tachycardia; their accessory connection 
persists. The majority can still be controlled 
with the commonly available antiarrhythmic 
agents and in this country drug treatment 
remains the mainstay of treatment, although we 
recognise that surgical interruption or ablation 
of arrhythmogenic substrates such as accessory 
pathways is successful even in the very 
young.** > The high success rate and low mor- 
bidity now achieved with surgery make this an 
increasingly appealing option, offering these 
children a potential cure rather than life long 
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palliation. Arrhythmias in children with struc- 
tural heart disease remain a difficult problem. 
Treatment in this group remains far from ideal 
and arrhythmias continue to threaten the lives 
of such children. 

An increased interest in arrhythmias in the 
young and the advent of electrophysiological 
studies in children has allowed a better under- 
standing of the mechanisms underlying child- 
hood supraventricular tachycardia. This in turn 
has paved the way for a more logical approach to 
treatment. With careful attention to the electro- 
cardiogram and a working knowledge of the 
therapeutic options available, deaths during this 
hazardous initial period can hopefully be 
avoided. 


Adenosine does not yet have a product license but is available in 
the United Kingdom. For further information please contact the 
pharmacy, Royal Brompton and National Heart Hospital. 
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Persistent infant crying 
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Persistent infant crying is a common cause of 
maternal distress and family disturbance and 
has been linked with child abuse.! In addition, 
its treatment is expensive of both time and 
money.” Perhaps surprisingly, it is only recently 
that systematic attempts have been made to 
quantify and categorise such crying. 


Epidemiology of infant crying 

Brazelton’s original data on 80 American cases 
in private practice’ have recently been supple- 
mented by larger scale studies of normal 
communities in Canada* * and England® and by 
a clinical data set of 68 cases.° Important 
limitations are that all these data stem from 
maternal diaries and questionnaires combining 
crying and ‘fretting’. There is broad agreement 
about the following findings: 

(1) Crying levels increase from birth to a peak 
at about 6-8 weeks, following which there is a 
rapid decline. At two months, average total fuss 
and crying times of 2-242 hours/24 hour day 
have been reported by the three studies. Pro- 
longed crying is common at this early stage, 
with 29% of Northamptonshire infants crying 
for three or more hours a day during the first 
three months, declining to roughly 7-10% 
thereafter.° 

(2) Rates of maternal distress and referral 
parallel these crying figures, so that in the first 
three postnatal months, 20% of Northampton- 
shire mothers reported being upset by their 
baby’s crying in the preceding week, and 
11% had sought recent clinical referral for such 
erying. The corresponding prevalences were 
7-13% and 3-4%, respectively, during the 
remainder of the year. 

(3) Infant crying is not uniform across the 
day, but shows a circadian organisation from 
the first weeks onwards. In the first quarter, 
crying commonly clusters in the afternoon and 
evening. Of Northamptonshire infants, 21% 
were reported to cry for two or more hours 
between 6 pm and 12 am, declining to 3-5% 
thereafter.® 

(4) In the Northamptonshire data, the after- 
noon and evening clustering of crying declined 
in the middle of the first year. At the age of 9 
months, crying during the night became more 
common, but was confined to infants who were 
persistent criers more generally.° 

(5) Infants referred to health visitors or 
general practitioners for crying problems cried 
two to three times longer than the mean 
community levels. These infants showed the 
same crying pattern features (such as the 
afternoon and evening peak) as the community 


sample, but cried repeatedly throughout the 
day. 

Because maternal observations are central to 
clinical practice, these figures and the methods 
used to obtain them seem likely to be useful in 
primary healthcare.’ So far as the aim is to draw 
specific conclusions about infant crying, it is 
becoming clear that a broader data base, together 
with clearer distinctions about patterns and 
types of crying, is needed. Crosscultural data 
from non-westernised societies are lacking and 
would help to establish the generality of the 
crying patterns noted here. To increase precision 
of measurement 24 hour voice activated tape 
recordings are useful, both for delineating 
crying and probing the bases for maternal 
reports. Although this method has so far been 
limited to small samples, it has confirmed the 
validity of two maternal findings: the six week 
afternoon and evening peak and high crying 
levels in clinical cases.® 


Colic 

The term ‘colic’ has three distinct meanings. 
The first refers simply to the amount and, to a 
lesser degree, the intensity of infant crying. For 
instance, the ‘rule-of-threes’ described by 
Wessel et al defines colic as ‘paroxysms of 
irritability, fussing, or crying lasting for a total 
of more than three hours a day and occurring on 
more than three days in any one week’.® In this 
sense the term colic overlaps with the term 
‘persistent crying’ used in the present paper, 
although no account has been taken so far of the 
intensity of crying. At present there is no clear 
reason for the selection of three hours or days of 
the week for use in definitions and other criteria 
are also used. 

A second use of ‘colic’ is to designate parental 
(usually maternal) referral for problem infant 
crying and associated behaviour.” Because the 
likelihood that mothers will seek referral 
depends on maternal features and on the access- 
ability of referral services, cases of colic identified 
in this way will have a different prevalence, and 
may be of a different type, from those defined 
by infant behaviour. 

The third use, reflecting the implication that 
colic is a syndrome of gastrointestinal distur- 
bance, infers the existence of pain which is 
associated with digestion. As Illingworth noted, 
many reports have been published, which have 
failed to show intestinal or other abnormalities 
in infants diagnosed as having colic, so that this 
approach rests largely on the finding that the 
anticholinergic drug dicyclomine hydrochloride 
is an effective treatment in some cases.!® It is 
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also unclear which aspects of behaviour are 
indicative of colic pain. For instance, evidence 
is lacking that colic crying is distinct from more 
general crying, while symptoms used diagnos- 
tically by some cliniclans—expelling flatus or 
drawing up of the knees—are not considered 
symptomatic by others (H Keller, et al. The 
concept of colic and infant crying in paediatrics. 
Presented at Third International Workshop on 
Infant Cry Research, Helsinki, July 1989). 
Likewise, there are differences of view between 
nurses and mothers. Mothers link colic more 
specifically to crying that occurs at a particular 
time of the day—that is, in the evening (PA 
Field, D Gojmerac. Mothers’ and nurses’ idea 
of colic. Presented at the Third International 
Child Health Congress, London, March 1990). 
Given this lack of consensus about how to 
define and measure colic, it is not surprising 
that estimates of its prevalence have ranged 
from 10 to 40%.!! Arguably the term’s etymo- 
logical origin (Greek kolikos, the adjective of 
Rolon) should confine its use to describing 
digestion related behaviour, in which case 
effective ways of distinguishing such behaviour 
are needed. It is unclear why digestion related 
crying should occur particularly in the evening; 
there should presumably be a systematic 
relationship between the periodicities of feeds, 
of digestive processes, and of related behaviours. 
One promising line of inquiry stems from the 
finding that a minority of infants (perhaps 4%) 
respond to cows’ milk whey protein challenges 
with intense crying. This is consistent with an 
allergic response, so that if the mechanism can 
be specified the way is open for the establishment 
of a specific link between physiological processes 
and crying, albeit for a small number of infants. 
In the meantime it is important not to lose sight 
of a further, psychoprophylactic, use of the 
term ‘colic’. Faced with unsoothable infant 
crying, many mothers and some professionals 
use the term to attribute the cause of the crying 
to short lived disturbances in a normal infant, as 
opposed to deficiencies of care. In this sense the 
concept of colic can be useful in alleviating 
feelings of inadequacy. Where neglect can be 
ruled out, it may be appropriate to respect this 
view until a more effective one is available. 


Causes of persistent infant crying 
PHYSIOLOGICAL DISTURBANCE 

Crying is a ‘final common pathway’ for a variety 
of ilinesses and physiological disturbances, but 
these are usually detectable by routine clinical 
practice.’* Several studies have suggested that 
crying may be linked with certain suboptimal 
conditions during pregnancy and birth, but 
consistent evidence of such a link is lacking.) 
The most promising evidence for an organic 
reason for infant crying comes from the finding 
of cows’ milk whey intolerance in a minority of 
cases. Most infants who cry for prolonged 
periods do not seem to have organic disorders 
and grow up and develop normally.'! 


TEMPERAMENT 
The idea that some infants are constitutionally 
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predisposed to be difficult stems from the New 
York Longitudinal Study of Temperament. !4 
The authors emphasised, however, that diffi- 
cult temperament is not synonymous with 
crying, but includes features such as irregularity 
of biological functions, withdrawal, unadapt- 
ability, and intensity of response.!” Further, 
crying as an individual characteristic lacks 
stability, which is generally agreed to be a 
defining feature of temperament. That is, most 
studies have found that there is little overlap 
between the infants who cry a lot during the 
first quarter and those who cry later in the first 
year.'© The stability requirement also means 
that temperament is unlikely to account for the 
predominant features of the clinical crying 
picture, that is, the age related and time of day 
crying peaks. It is possible that temperament 
contributes to other aspects of crying, such as 
crying vigour, or that, for instance, infants 
who need high levels of stimulation cry if such 
needs go unmet. Studies on temperament have, 
however, thrown little light on these issues so 
far. 


MATURATION 

Both psychologists and neurologists have 
proposed that important ‘shifts’ of neuro- 
behavioural organisation occur at about 3 and 9 
months, and it is tempting to link the crying 
peaks at these ages to such shifts. Central to this 
approach is the idea that such transitions are a 
normal part of development, so that the crying 
is a reflection of the infant’s transitional diffi- 
culties. In turn, this view highlights the 
question of what sort of resources, internal and 
external, the infant needs to complete the 
transitions effectively. 

This conceptual framework is attractive 
because it deals with the main features of the 
clinical findings about persistent crying. 
Two versions have been put forward, with 
Lester and Boukydis attributing persistent 
crying to delayed development of the para- 
sympathetic nervous system,” and St James- 
Roberts attributing it to ‘jet lag’ occasioned by 
the transition from a four to a 24 hour, diurnally 
organised, sleep-wake cycle.!® There is support- 
ing evidence for both theories, but they await a 
thorough test. 


INADEQUACIES OF CARE 
Many claims have been made about parental 
factors that cause infant crying and parents are 


nowadays faced with an array of often contra- _ 


dictory advice. 

An important distinction should be drawn 
between caretaking variations within and 
between cultures. Because prolonged crying is a 
problem in a sizable minority of infants in our 
society, the question is whether this can be 
attributed to normal intracultural variabilities in 
care. There are several arguments against this. 
Firstly, there is a high degree of stereotyping in 
how parents respond to infant crying—that is, 
they generally go through the same sequence of 
responses (talking, touching, picking up, and so 
on).'? Secondly, infants are unstable in their 
crying patterns, without corresponding varia- 
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tions in parental care. Thirdly, most studies 
have not found a birth order effect on crying, 
which suggests that parental inexperience is not 
a factor.° Lastly, in a study of infants referred 
because of their crying, the parents made more 
efforts to soothe their infants than other 
parents. It is notable that parents of control 
cases did not need to make such efforts: the 
infants settled themselves.”° 

These findings do not rule out a contribution 
of methods of caring, and several treatment 
studies, reviewed below, suggest that care 
patterns that are relatively uncommon in our 
culture may limit infant crying. Rather, the 
findings imply that persistent infant crying can 
exist in spite of patterns of care that are effective 
for most infants in our culture. 


Prevention and treatment 

Dicyclomine hydrochloride was an effective 
treatment in some cases, but has been with- 
drawn because of side effects.‘ Double blind 
control trials have shown that cows’ milk 
whey protein given as formula or breast milk, 
increases crying in some infants, whereas a diet 
free of cows’ milk reduces crying in such 
cases.” This may be applicable in only about 
4% of infants but warrants consideration, 
particularly if an allergic response is suspected. 
A hydrolysed casein formula was used and the 
authors caution against soya based alternatives. 

Interventions that focus on mother-infant 
interaction are also effective. An increased 
amount of carrying during the first weeks 
prevents crying, with particularly pronounced 
effects on the six week afternoon/evening peak.” 
Counselling that focused on responsive, self 
reliant mothering proved effective as a treat- 
ment,”” and was more effective than a diet that 
did not contain cows’ milk.” Carrying and 
responsive caring have proved equally effective 
as treatments in other studies.” 

These studies suggest that both diet and 
mother-infant interaction are potential areas of 
treatment. As yet the mechanisms are unclear, 
so that it is not possible to adopt a treatment 
selectively. Parent support remains a central 
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goal and the diaries and questionnaires used in 
recent studies should help parents and profes- 
sionals to develop a clearer picture of the crying 
and to identify strategies for coping that meet 
the family’s needs.* 6 
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The need to study a wide range of attributes and 
functions when assessing a disabled child has 
long been recognised. The concept of the multi- 
disciplinary investigation of children with 
behaviour disorders led to the opening of child 
guidance clinics first in the United States and 
then in this country in the 1920s. Paediatricians 
in the 1940s and 1950s were able to pay more 
attention to the complex chronic disabilities, 
and special combined clinics were set up. These 
early ventures led to recommendations about 
the way such clinics might be run.! So in a 
higgledy piggledy way services for disabled chil- 
dren were beginning, but they were being plan- 
ned in isolation, and were initially exclusively 
for children with specific disorders; the notion 
of a service for all disabled children was 
embryonic. 

The idea of health and education authorities 

together planning combined facilities for the 
investigation, treatment, and special education 
of young, disabled pupils was also new. In the 
absence of alternative arrangements local educa- 
tion authorities had been opening their own 
diagnostic and assessment units; these often 
operated independently of hospital specialist 
facilities and without appropriate support 
services.” ? 
_ Acting on a recommendation in the Sheldon 
report on child welfare centres that health 
authorities should be asked to review their 
arrangements for the assessment of handicap- 
ped children,* the then Ministry of Health 
issued a memorandum containing the advice of 
‘a small group of experts’ on the setting up of 
comprehensive assessment centres for children 
with all types of handicap.? The ministry set 
aside special funds to help regional hospital 
boards finance such centres and by 1973 there 
were 52 either in existence or being built. 

The Court report went further. Concerned at 
the constant failure of clinics specialising in 
single disabilities to offer a wide assessment of 
development and residual functions of referred 
children, the report recommended that each 
health district, with the support of local educa- 
tion and social service authorities, should orga- 
nise formally a multidisciplinary team for all 
handicapped children as a central feature of its 
comprehensive services for handicapped chil- 
dren. It was also convinced that these ‘district 
handicap teams’ should have integrated facili- 
ties for prevention and treatment as well as for 
assessment, and that they should have an oper- 
ational role as well as a clinical function. By an 
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operational role the committee meant that the 
district handicap team should be concerned 
with other district staff in epidemiological sur- 
veys and in the identification of disabled chil- 
dren, and in monitoring its own effectiveness; it 
should also act as a district resource centre for 
handicap in childhood. | Ä 

The committee suggested that the district 
handicap team should comprise a consultant 
community paediatrician, a child health visitor 
for handicapped children, a specialist social 
worker, a principal psychologist, and a teacher 
with wide experience of handicapped children 
of nursery and infant school age. As a secondary 
(specialist) service the district handicap team 
would then see the minority of handicapped 
children who had complex or severe disorders 
(or both). It would work both within and from a 
child development centre, which itself would be 
situated in or near the district’s general hospital. 
It would be in support of similarly integrated 
primary care services geared to meet the needs 
of most handicapped children. 

The government of the day accepted in prin- 
ciple that ‘district handicap teams should pro- 
vide a framework within which all the needs of 
the relatively few children with severe hand- 
icap, both physical (including sensory) and 
mental can be met...’ and it invited health 
authorities to draw up joint proposals with edu- 
cation and social service authorities for their 
organisation and operation.’ As it simulta- 
neously sanctioned the establishment of com- 
munity teams for mentally handicapped chil- 
dren and adults, however, in practice it clearly 
had some reservations about relying on district 
handicap teams to meet all the needs of all 
severely handicapped children. The recommen- 
dation for ‘cradle to the grave’ community men- 
tal handicap teams had been made by the Natio- 
nal Development Group (an advisory body set 
up by the government in 1975 to look at services 
being offered to mentally handicapped people), 
which feared that it would be some time before 
district handicap teams could become operative 
but community mental handicap teams could 
be set up at once. 

As their report was reprinted in November 
1983 we assume it still represents official policy, 
just as presumably DHSS circular HC(78)5 
did, in so far as it has not been officially 
withdrawn. What influence this departmental 
ambivalence may have had on the development 
of district handicap teams (and community 
mental handicap teams for that matter) must 
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remain a matter for conjecture. We note, 
however, that in summing up the results of a 
limited survey of both kinds of team conducted 
on behalf of the Campaign for Mentally Hand- 
icapped People, Plank emphasised the need for 
district handicap teams to be more clearly based 
on the Court committee pattern, and for com- 
munity mental handicap teams to confine their 
services to adults only.” 

It was against this background that we had an 
opportunity to carry out a postal inquiry of 
every district health authority in England in 
1983, supplemented by visits to a few selected 
districts, to find out how far district handicap 
teams had been established and how they were 
working. Of districts contacted, 94% completed 
a questionnaire. This asked whether the district 
had a handicap team and also whether it had a 
children’s assessment centre; it went on to ask 
detailed questions about such units and 
inquired whether any changes were being plan- 
ned; it concluded with a request for a brief 
statement about the overall pattern of services 
for handicapped children in the district. This 
first inquiry was sponsored by the DHSS to 
whom we reported the next year.!° 

In 1988 we again made contact with each 
health authority (98% replied; two no longer 
existed after the second reorganisation of the 
NHS in 1984). They were asked if the changes 
contemplated for their handicap team or assess- 
ment centre had materialised. Districts that had 
established a district handicap team since 1983 
were subsequently asked to complete the origi- 
nal questionnaire that had been issued in 1983. 
Descriptions of a ‘district handicap team’ or an 
‘assessment centre’ were checked against those 
listed in the Social Services Year Book for 1989/ 
90, and discrepancies were investigated by writ- 
ing to the consultant paediatrician concerned. 

It was as a result of these subsequent 
inquiries that we fully appreciated how much 
confusion existed as to what is meant by a “dis- 
trict handicap team’. Looking back this was 
probably the reason why the questionnaire com- 
pleted in 1983 gave the impression that there 
were 119 district handicap teams in England, 


Table 1 Regional distribution of units (England 1983) 
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whereas from information supplied by district 
medical officers to an initial inquiry we had 
expected there to be 100 (nine district medical 
officers did not reply). We had assumed (mis- 
takenly it now seems) that the difference was 
the result of an administrative rather than a 
technical error. 

In 1988, therefore, we set down the minimum 
criteria that we felt justified the classification of 
a unit in 1983 as a Court type district handicap 
team, and with this in mind we looked again at 
the questionnaires returned in 1983. The 
revised results are published here for the first 
time and differ in important respects from those 
reported earlier. We also now report on some of 
the changes that have taken place during the last 
five years. 


Revised analysis of 1983 data 
CLASSIFICATION AND DISTRIBUTION OF UNITS 
The minimum criteria we adopted for classifica- 
tion of a unit as a district handicap team based 
on our interpretation of the Court report was: 
the existence of a multidisciplinary team of 
practitioners who were personally engaged in 
the clinical assessment and care of individual 
handicapped children domiciled within the dis- 
trict, and personally concerned in the team’s 
operational responsibility for providing a regu- 
lar service. It should also act as a resource centre 
to other people or institutions caring for such 
children, and monitor its particular contribu- 
tion to the district’s services for all handicapped 
children. Applying these criteria in retrospect, 
only 61 districts (32%) could in our opinion be 
said to have had a Court type district handicap 
team in 1983 (table 1). 

As a result of this reclassification we encoun- 
tered two other types of unit calling themselves 
district handicap teams, neither of which satis- 
fied the above criteria. The first type provided 
facilities for the clinical assessment (and to some - 
extent care) of handicapped children by a multi- 
disciplinary team of practitioners, but only for 
those living in the local community; they had 
not been set up to meet the needs of the district 


Region Ne of No of district health authorities having: No that 
district Ser it did not 
health District Assessment District Separate Nil units reply 
authorities handıcap centre coordinating assessment 

team group centre and 
district 
coordinating 
group 

Northern 16 4 2 4 2 2 2 

Yorkshire 17 7 3 0 l 4 2 

Trent 12 2 5 l 2 2 0 

E Anglia 8 2 1 l 0 4 0 

NW Thames 15 4 2 5 1 2 l 

NE Thames 16 7 3 2 1 3 0 

SE Thames 15 7 3 G 2 3 0 

SW Thames 13 3 3 0 5 0 2 

Wessex 10 I 3 l 2 3 0 

Oxford 8 3 2 0 0 2 l 

S Western lI 4 3 2 l 1 0 

W Midlands 22 5 1] 0 l 4 l 

Mersey 10 3 0 4 0 l 2 

N Western 19 9 3 1 2 3 l 

Total (%) 192 61 (32) 44 (23) 21 dab 20 (10) 34 (18) 12 (6) 

Predominantly rural districts 85 23 19 7 l 10 20 6 

Predominantly urban districts 85 33 21 7 9 5 10 
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as a whole, nor had they assumed an operational 
role in respect of handicapped children 
throughout the district. Forty four districts 
(23%) had this type of unit; we have classified it 
as an assessment centre, which is what many of 
them were actually called (table 1). 

The second type consisted of a group of pro- 
fessionals not all of whom were personally con- 
cerned in the clinical care of individual children 
or were even clinical practitioners, but who 
nevertheless made decisions about the coordin- 
ated care or education (or both) of individual 
handicapped children. Often they would meet 
and discuss children named on a register, 
relying on information supplied by other profes- 
sionals; they may or may not have had an oper- 
ational role in respect of the district’s services 
for handicapped children. Twenty one districts 
(11%) had such a group, which we have classi- 
fied as a district coordinating group in table 1. 
Twenty districts (10%) had at least one assess- 
ment centre as well as a district coordinating 
group, but the two services did not function 
together and often there was only one person 
(usually a doctor) attending both. 

A number of districts explained that as they 
were serving a rural community one central 
team was seldom appropriate. Quite arbitrarily 
we picked out ‘the predominantly rural’ and 
‘the predominantly urban’ districs; by coinci- 
dence we found we had selected 85 districts in 
each group. The distribution of units in these 
two kinds of district is compared at the foot of 
table 1. The urban districts were a little more 
likely to have a district handicap team than the 
rural districts (39% and 27%, respectively) but 
the other types of unit were equally common. 
Rural districts, however, were from two to four 
times more likely not to have any type of unit at 
all. 

The 1983 questionnaire also asked whether 
the district had a community mental handicap 
team; 132 (69%) said they did but of these only 
74 (56%) accepted children. Thirty nine of the 
192 districts (20%) said they did not have such a 
team, and 21 did not answer this question. 


DISTRICT HANDICAP TEAMS AS OPERATIONAL 
UNITS 


Of the 61 units we reclassified as Court type dis- 
trict handicap teams, 49 (80%) stated who made 
up their ‘core’ team. The mean size was seven 
members (range 3—10); in all, 29 different pro- 
fessions were named and there were 44 different 
combinations of membership of which only five 
occurred twice. Certain disciplines predomin- 
ated (table 2). 

We asked if the district handicap team had a 
‘formal team leader’ and 46 (75%) said it did: in 
51 (84%) of them a doctor was named, usually a 
paediatrician rather than a senior clinical medi- 
cal officer (ratio 2:1). In seven (11%) leadership 
was shared or rotated among the core members. 

We specifically asked about three kinds of 
operational work. Four out of five district hand- 
icap teams met regularly to discuss the way their 
service was running and plans for the future. 
Appreciably fewer provided regular services to 
other people or institutions: 32 (52%) to day 
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Table 2 Number (%) of district handicap teams (n=61) 
that mentioned the professionals who were core members 


All five disciplines laid down by Court committee 15 (25) 


No mention made of: 


Consultant paediatrician 9 (15) 
Health visitor 11 (18) 
Social worker 17 (28) 
Psychologist 19 (31) 
Teacher 36 (59) 
Others considered core members: 
Physiotherapist 41 (67) 
Speech therapist 36 (59) 
Senior clinical medical officer 35 (57) 
Occupational therapist 29 (48) 





nurseries and 10 (16%) to schools. In addition 
to this team members were quite prepared to see 
referred children in places other than the child 
development centre. Thus 44 teams (72%) said 
they would visit them when necessary at home, 
49 (80%) at a day nursery, 42 (69%) at a special 
school, 38 (62%) at a primary school, and 32 
(52%) at a secondary school. 

The third operational task we asked about 
was the organisation of seminars and training 
courses. Forty five district handicap teams did 
this (74%) though to fulfil our classification of a 
district handicap team they had to do more than 
just this; only 24 (39%) undertook all three spe- 
cific operational tasks. 


DISTRICT HANDICAP TEAMS AND ASSESSMENT 
CENTRES AS CLINICAL UNITS 

The clinical functions of a district handicap 
team are essentially no different from those of 
an assessment centre. The rest of the informa- 
tion reported here is therefore derived from 
questionnaires returned to us by the 61 districts 
we regarded as having district handicap teams 
and the 64 districts that had assessment centres. 
We have used the term ‘child development 
centre’ to cover all these 125 units that provide a 
personal clinical service. 

Thirty three child development centres (26%) 
had been functioning for nine years or more 
(some for as many as 20 years); the same pro- 
portion had been open for five to eight years, 
and the same for one to four years. Eight centres 


Table 3 Range and frequency of sessions by professional 
staff in child development centres 


No (%) of Average No 
all centres of sessions 
(n=125) (63 centres) 


Seven most commonly named Pe 


Paediatrician (80) 3-2/week 
Senior clinical medical officer 96 (77) 3-2/week 
Physiotherapist 101 (81) 6°7/week 
Speech therapist 100 (80) 4°7/week 
Social worker 85 (68)  4-S/week 
Health visitor 84 (67)  2-4/week 
Occupational therapist 79 (63) 4°2/week 


Four other professionals named by about half the centres: 
Educational psychologist 66 (53) 1-I/week 


Clinical psychologist 60 (48) 1-6/week 


Teacher 60 (48)  4-4/week 
Audiologist 60 (48) 3-O/month 
These less often mentioned: 
Nurse 54 (43) = 7-6/week 
Orthopaedic surgeon 40 (32) 1-3/quarter 
Ophthalmologist 28 (22) 1-4/quarter 
Mental handicap specialist 25 (20) 1-8/quarter 
Child psychiatrist 24 (19) 2-1/month 


~€ 
ie 


tee 


x 


District handicap teams in England: 1983-8 


(6%) had been open for less than one year and 
the remainder did not say. Eighty (64%) were 
sited in (or in the grounds of) the district 
general hospital, and 18 (14%) were in a health 
service clinic. Fifteen (12%) were separate from 
both these and 12 (10%) did not say. 

Table 3 shows how many centres had regular 
sessions from certain professionals and (among 
63 centres) their average frequency. Ninety 
three centres (74%) had sessions from both 
paediatricians and senior clinical medical offic- 
ers; 38 (30%) from health visitors and nurses; 
and 36 (29%) from both educational and clinical 
psychologists. Table 3 also shows the multidis- 
ciplinary facilities available at centres, but we 


Table4 Number (%) of child development centres (n= 125) 
offering multidisciplinary assessment to ‘most’ children 


Assessment by: 


Paediatrician 107 (86) 
Senior clinical medical officer 90 (72) 
Physiotherapist 90 (72) 
Speech therapist 90 (72) 
Audiologist 81 (65) 
Psychologist 79 (63) 
Occupational therapist 60 (48) 
Teacher 42 (34) 


Of the 90 centres at which there were sessions from both a 
paediatrician and a senior clinical medical officer, in 81 (90%) 
‘most children’ were assessed by both. 


Table 5 Problems for which children were referred to 50 
child development centres during the previous 12 months 


Probiem No of Of total 
children referrals 

Mental handicap Gncluding Down’s 

syndrome, n=344) 1650 25 
Learning difficulty 483 7 
Developmental delay 391 6 
Cerebral palsy 781 12 
Spina bifida 278 4 
Speech and language 938 14 
Vision 313 5 
Hearing 270 4 
Behaviour 560 9 
Epilepsy 417 6 
Asthma 236 4 
Muscular dystrophy 108 2 
Miscellaneous (each less than 100} 161 2 
Total 6586 100 
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wanted to know whether they were used for 
treatment as well as for assessment. Physiother- 
apy and speech therapy were carried out in 101 
of the centres (81%) and occupational therapy in 
94 (75%); day care and remedial teaching was 
provided in 71 (57%) and 70 (56%), respec- 
tively. Table 4 shows the extent to which chil- 
dren received wideranging assessment. 

Ninety four (75%) of the districts that had a 
child development centre also had a community 
mental handicap team, though only 56 (60%) of 
the latter accepted children. In the 56 districts 
that had both these facilities, 38 of the child 
development centres (68%) said that they also 
saw children who attended the community men- 
tal handicap team. 

Some centres commented that who the child 
was assessed by would depend upon the reason 
for referral. Fifty centres gave information 
about the number of children with various 
problems seen during the past year, and the 
data are summarised in table 5. 

Age is an important factor to be borne in 
mind when looking at the data presented here. 
We did not feel we could burden the centres by 
asking the age of each child referred; instead we 
asked the age range that they accepted. Twenty 
nine of the 125 centres (23%) would only see 
children up to the age of 5, 76 (61%) would see 
any child under school leaving age, and 14 
(11%) set various age limits between 5 and 16. 
Thirty four centres (27%) said they would see 
young people at least up to the age of 18, and 26 
(21%) would see 19-20 year olds if necessary. 

The principal sources of referral were 
paediatric outpatients (n=76, 61%) clinical 
medical officers (n=59, 47%) and neonatal 
follow up clinics (n=46, 37%); general practi- 
tioners and health visitors were each named by 
41 centres (33%). Direct referrals were accepted 
from health visitors by 47 centres (38%), from 
social workers by 40 (32%), and from teachers 
by 31 (25%). Parents had direct access to 36 of 
the centres (29%); they took part in the running 
of 21 centres (17%), mainly in organising the 
toy library. 


Table 6 Changes in units and districts between 1983 and 1988 


Type of change 


No of units or districts reporting changes and No of changes made 





Total 


Among Among Among Among Among Among 
32/61 22144 7/21 11/20 15/34 7112 among 
district assessment district separate districts districts 94/192 
handicap centres coordinating assessement with no that did units or 
teams -groups centres and facilities not reply districts 
district initially initially 
coordinating 
groups 
More sessions from various staff 51 31 4 12 0 0 98 
Improvements to accommodation 12 7 0 1 0 0 20 
Improvements in facilities 14 5 0 3 0 0 22 
Change in classification: 
To a district handicap team — 0 3 0 _ = 3 
To a separate assessment centre 
and district coordinating 
group 0 l 0 _ aanne manas 1 
Opened since 1983: 
District handicap team — — — _ 3 2 7 
Assessment centre — — — — 5 4 9 
District coordinating group — _ _ mae l 0 l 
Separate assessment centre 
and district coordinating 
group — — _ ~~ 4 ] 5 
Total No of changes 77 44 7 16 15 7 166 
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Table 7 Regional distribution of units in England, 1988 


No (%) of district 
healt 
authorities (n= 190) 





District handicap team 71 GD 
Assessment centre 54 (28) 
District coordinating group 18 (9) 
Assessment centre/district coordinating 

group 25 (13) 
Authorities without units 18 (9) 
No of authorities that did 

not reply 4 (2) 


CHANGES IN UNITS THAT HAVE TAKEN PLACE 
SINCE 1983 

Among the 146 units identified in 1983 (see 
table 1) 144 changes had been made by 1988, 
either in the facilities or in the work done by the 
unit; these are shown in table 6. This table also 
shows that by 1988 roughly half the districts 
that did not have a unit in 1983, and half of 
those who did not answer our first inquiry, had 
established a unit of one kind or another; only 
24 districts had no such service for their hand- 
icapped children. 

The changes reported since 1983 were evenly 
distributed among all types of unit with the 
exception of district coordinating groups. The 
most common changes have been an increase in 
the number of sessions by existing staff, and an 
increase in the variety of disciplines employed, 
mainly affecting therapists (60 changes, 42%) 
and doctors (27 changes, 19%). 

Only one third of the units opened during the 
last five years have been district handicap 
teams; twice as many have been assesment cen- 
tres, with or without a district coordinating 
group. By 1988, therefore, 150 of the 192 
district health authorities (78%) had child 
development centres, of which 71 seemed to be 
functioning as Court type district handicap 
teams (table 7). 


Discussion 

Though it is probably true to say that no two 
district handicap teams or assessment centres 
are alike, we believe that the data presented 
here give a reasonably accurate picture of cur- 
rent national trends. They raise some important 
questions, and we hope our answers will pro- 
voke discussion on the future pattern of centres 
locally. 

In this discussion—as in the introduction— 
there may seem to be some inconsistency in our 
use of the terms ‘disabled’ and ‘handicapped’. 
The World Health Organisation’! has empha- 
sised the distinction between them (with which 
we agree) but this was made after the publica- 
tion of the Court report. We have retained the 
description ‘handicapped children’ when this 
has been correct in the historical context though 
‘disabled children’ would be a more exact 
description using current, accepted terminol- 


ogy. 


QUESTIONS ARISING FROM THE INQUIRY 

De we need Court type district handicap teams? 
In the 10 years between 1973 and 1983 the num- 
ber of health authorities with special centres 
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for handicapped children had more than dou- 
bled, but barely half of them seemed to be func- 
tioning as full district handicap teams. Of the 22 
centres éstablished during the last five years of 
which we have information, only seven can in 
our opinion be regarded as district handicap 
teams. Why is this so? 

We know that not all doctors like the idea of 
working in a formally designated multidisciplin- 
ary team. Some think it constricting and time 
consuming; they prefer the traditional pattern 
of being free to work as independent practition- 
ers making referrals when necessary to special- 
ists in other disciplines with whom they have 
built up liaisons. Others who are not averse to 
the multidisciplinary approach maintain that 
when this becomes formalised into the estab- 
lishment of recognised teams (as in district 
handicap teams and child guidance (psychiatric) 
clinics) there is an unacceptable risk of the ulti- 
mate clinical authority and responsibility for the 
patient’s care passing out of the hands of the 
doctor, with whom (they argue) it should always 
reside as the most highly trained member of 
such teams. !? We are not impressed by either of 
these objections. 

District handicap teams owe their origin to 
the need for routine multidisciplinary investiga- 
tion of seriously handicapped children. Respon- 
sibility for the whole child, therefore, has to be 
shared between the professionals assessing the 
various aspects of the case. Doctors particularly 
may find this difficult because their training 
does little to prepare them for the problems that 
commonly arise in establishing effective inter- 
disciplinary collaboration and decision making. '* 
These problems are seldom insurmountable, 
and both district handicap teams and child 
guidance clinics have surely stood the test of 
time as multidisciplinary units. 

We suspect, however, that one of the main 
reasons why there are not more district hand- 
icap teams is because there is a misunderstand- 
ing about what they are supposed to do. A num- 
ber of districts thought that such teams should 
not have such wide ranging responsibility 
because (as one doctor put it) ‘it needs front line 
people having the ear of managers’ for it to be 
carried out successfully. Others saw a danger 
that the district handicap team would be 
regarded as responsible for the coordination and 
planning of services for handicapped children, 
whereas this was the function of a child health 
care planning team. Some districts said they did 
not have a district handicap team because they 
had a team for planning of services for hand- 
icapped children, while others admitted that 
their so called ‘district handicap team’ had only 
an administrative function. 

This confusion is surprising, as the Court 
committee quite clearly stated that it deliber- 
ately described the second function that it had 
in mind for the team as operational and not 
administrative so that it should not be thought 
that it was implying that a district handicap 
team should usurp the roles of senior doctors 
and nurses whose job it was to manage services. 

We think that the Court committee’s concept 
of a district handicap team was sound, but as 
the term itself has clearly proved to be open to 
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abuse and is therefore redundant we suggest it 
should be shelved. What alternatives are there? 
For a number of reasons some units are called 
assessment centres, but the notion of specialist 
centres concentrating on assessment was already 
obsolete in 1974. We can well understand why 
the Court committee preferred the name ‘child 
development centre’ as the base for their district 
handicap team. Purists might argue that even 
this is a misnomer because it specialises in disa- 
bility rather than in development, and disability 
Is not a term that should cause offence as hand- 
icap sometimes does.'* This description is now 
widely used, however, and it seems sensible for 
district handicap teams to be referred to in 
future as child development centres, though 
such centres must assume both a clinical and 
operational role. 


Where should child development centres be based? 
It is logical that the first step in the investigation 
of a disability in a young child should be a medi- 
cal diagnosis; it is therefore understandable why 
in the past health authorities should have taken 
the initiative in setting up district handicap 
teams. It is equally sensible for them to be situ- 
ated in, or within the environs of, the district 
general hospital where all the necessary special- 
ist medical expertise and facilities are to be 
found. There are, however, other considera- 
tions. The extent to which treatment can be 
provided depends not only on cooperation 
among the relevant disciplines but also on hav- 
ing accommodation for them to work in. The 
inconvenience and often difficulty that parents 
and children have travelling from a distance 
may be acceptable for one or two visits for 
diagnosis and assessment, but would be intoler- 
able for repeated visits for treatment. In addi- 
tion, facilities that may be appropriate for 
young children may not be so for older ones. 
Arrangements for seeing children obviously 
need to be as flexible as possible, but even flexi- 
ble services need a base. We think there really is 
no better base for a child development centre 
than in the premises of—or adjacent to—the 
district general hospital. 

A separate purpose built centre is the ideal; 
for most districts this is out of the question but 
satisfactory accommodation for nursery educa- 
tion and treatment have to be among the priori- 
ties. There are four principal ways of making 
arrangements more flexible, especially for cen- 
tres that serve more rural populations. Profes- 
sional staff may examine a child on their own 
and make their own initial assessment at any 
place that is convenient for both parties (which 
might be at home, in a health service clinic, or 
in hospital); they then meet to discuss their 
findings and agree on a course of action. Key 
disciplines may even be able to operate regularly 
in satellite centres—for example, in clinics or a 
subsidiary hospital—in which there is some- 
times room for a nursery group. In some dis- 
tricts local education authorities provide accom- 
modation for nursery children or even slightly 
older ones—for example, in an educational 
psychology unit with a day teaching unit 
attached and somewhere for the teacher and 
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visiting staff to confer. Finally, joint examina- 
tion and assessment (particularly by occupatio- 
nal, speech, and physiotherapists) is gaining cli- 
nical favour and obviously has advantages 
regarding accommodation and staff time. 

Some child development centres have special 
rooms for physiotherapy, others do not, but on 
our visits we often saw the physiotherapist in 
the classroom helping the teacher and care staff 
with the management of children with physical 
disabilities. Many of them too accepted the need 
to work mainly through the parents and there- 
fore paid visits to the children’s homes. We 
gained the impression that speech therapists 
were less inclined to be closetted in the old 
fashioned speech therapy room that was a fea- 
ture of the early assessment centres and were 
more often working in groups or seeing a child 
and parent or teacher together and discussing 
ways in which they could all stimulate com- 
munication. Unfortunately we asked no ques- 
tions about Portage schemes but we became 
aware that many centres were running Portage 
systems with the mentally handicapped chil- 
dren, and they were doing this in various ways. 
A Portage system is, of course, carried out in 
the young child’s home; in some centres the 
psychologist supervised the training of parents 
and others caring for the child, while in others a 
health visitor specialising in handicap paid 
weekly visits to the home. 


What age range should child development centres 
cater for? | 

In almost a quarter of the districts referral to the 
child development centres was restricted to pre- 
school children. As the presence of severe disa- 
bility is usually recognised during the first few 
years of childhood child development centres 
understandably have a heavy load of preschool 
children, but there are still some children in 
whom serious disability is not diagnosed until - 
after the age of 5. The full investigation of such 
children, whether they be in ordinary or special 
schools, should be done by staff at the child 
development centre, both in the centre and on 
visits to schools. Such visits are also important 
in maintaining continuity in the care of children 
who first attended the centre before they started 
school; we expect severely disabled children to 
remain on the centre’s register throughout their 
school years. 

The fact that one in four child development 
centres are open to adolescents is a measure of 
the long term interest and commitment of 
paediatricians for handicapped children whom 
they have known for many years, but it is also a 
sad commentary on the state of suitable services 
for this age group. Those who are mentally 
handicapped can transfer to community mental 
handicap teams, but child development centres 
become increasingly inappropriate as a source of 
health care for physically handicapped teena- 
gers and after leaving school there may -be no 
facilities at all for them.!” While this situation 
continues it would be wrong for us to suggest 
there should be any arbitrary age limit, even of 
16, for attendance at a child development 
centre. 
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Should child development centres be able to deal 
with all kinds of disability? 

Because of the importance of a multidisciplinary 
assessment of children who seem to have only 
one serious or complex (or both) disability, we 
believe that initial referral to a child develop- 
ment centre is the preferable route to diagnosis 
and treatment of all disabled children. There 
are certainly rare disorders for which onward 
referral to a specialised or regional clinic might 
be necessary. Most of the less rare but serious 
disorders, however—even those affecting vision 
and hearing—can usually be dealt with effec- 
tively within a child development centre pro- 
vided that there is accommodation for, and ses- 
sions from, the appropriate specialists. Child 
development centres can only deal with the 2% 
or so of children with disorders that give rise to 
chronic disability—that is, an actual or potential 
handicap to the child. The children with epi- 
lepsy and asthma (amounting to almost 10% of 
referrals, table 5) may have had extenuating cir- 
cumstances that required the expertise of the 
child development centre, but many of them 
may have been inappropriately referred. 

Many of the children attending child develop- 
ment centres in 1983 also had behaviour prob- 
lems, and helping with difficult behaviour is a 
major part of a child development centre’s 
work. From our visits we discovered that some 
children had undoubtedly been referred to child 
development centres as more likely sources of 
help in dealing with difficult behaviour than 
that obtained in a family therapy or an analy- 
tically oriented child psychiatric clinic. In other 
cases the referring doctor had thought that the 
child development centre was initially the 
appropriate place because of a strong possibility 
of organic disease being the cause of the 
behaviour problem. 

Two fifths of children referred to child 
development centres had learning problems. 
Does the nature of this disability warrant dupli- 
cating or even overlapping facilities between 
child development centres and community 
mental handicap teams? We think not. Not all 
children with learning difficulties are mentally 
handicapped and referral to a community men- 
tal handicap team would not normally be an 
appropriate way of investigating developmental 
delay and excluding intellectual retardation; 
child development centres are well equipped to 
do this. Furthermore, many of the severely 
handicapped retarded children have physical or 
sensory disorders (or both) and need the facili- 
ties for diagnosis and treatment that are in or 
adjacent to most child development centres. We 
think it is wrong to segregate the investigation 
and assessment of children likely to be intellec- 
tually retarded, or even certain to be (as in 
Down’s syndrome) from those who probably 
are not; they need paediatric services because of 
their age rather than mental handicap services 
because of their disability. 

We therefore join Plank in endorsing the 
Court committee’s recommendation that all 
mentally handicapped children be catered for in 
the first instance in child development centres.” 
Only exceptionally should it be necessary for 
the most severely disabled children to attend a 
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community mental handicap team, and then 
mainly for health care. These teams should con- 
centrate on services for adolescents and adults. 

We anticipate that 1 to 2% of the children 
referred become regular clients of a child 
development centre. There is a further, perhaps 
similar, proportion of children referred for 
diagnostic advice and assessment whose disabil- 
ities do not prove to be severe enough to 
warrant regular attendance at the child develop- 
ment centre. 


What professional staff does a child development 
centre need? 

If a child development centre is to be able to 
investigate any kind of severe or complex disa- 
bility, who are the professionals who need to 
have regular weekly sessions, and who should 
visit less often? 

There can be no argument about the need for 
weekly sessions for a social worker and teacher, 
and we think the need for the teacher has to be 
emphasised. But what about the therapists? As 
the Court committee were so convinced of the 
need to provide and coordinate treatment as 
well as assessment (and rightly so) it is surpris- 
ing that it did not name any therapists as core 
members of the district handicap team. Our 
data show that in practice about 60% of child 
development centres regard physiotherapists 
and speech therapists as core members, and we 
feel sure that all child development centres 
should have weekly sessions from them as well 
as from an occupational therapist. 

Doctor, nurse, and psychologist commonly 
have dual representation in child development 
centres. Often both the paediatrician and the 
senior clinical medical officer examine a child; 
several reasons are given for this (including the 
fact that the senior clinical medical officer is 
usually able to do Griffiths’s tests), but is it 
really necessary? We think not. It may of course 
be a transitional anomaly now that the Court 
committee’s recommendation for the appoint- 
ment of consultant community paediatricians is 
slowly being implemented. Having only one key 
doctor will not, of course, reduce the total 
number of medical sessions required by a child 
development centre. 

The Court committee also recommended 
there should be only one kind of clinical com- 
munity nurse in the child health services with 
responsibility for both preventive and curative 
care—a child health visitor; as additional train- 
ing in the care of handicapped children would 
be a requirement, some of the them would have 
already worked in district handicap teams. This 
recommendation for child health visitors was 
never accepted by the nursing profession and 
the choice of nurse for child development cen- 
tres has been between a nurse and a health visi- 
tor, with sometimes both being available. Only 
two out of five centres have been employing 
nurses, but in those that did they seem to be 
indispensable, with more sessions each week 
than any other discipline. Furthermore, most of 
the centres that had nurses also had liaison 
health visitors. It is difficult to imagine how one 
person could effectively carry out the duties of 
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both attendant nurse and liaison health visitor, 
and how some centres managed without either. 

It was the hope of the Court committee that 
the principal psychologist in the core team of 
five would be a child psychologist with the com- 
bined expertise of an educational and clinical 
psychologist experienced in working with chil- 
dren. Unfortunately this has not happened. We 
recognise the official role of the educational 
psychologist in preparing statements for the 
children needing special education, but the 
diminishing importance attached to the end 
point of intelligence testing—especially in chil- 
dren of nursery school age—and the need for 
more specialist expertise in the management of 
children with emotional and behavioural diffi- 
culties, make the need for weekly sessions from 
a clinical psychologist the priority if there has to 
be a choice. 

Of the visiting specialists we think there can 
be no doubt of the need for a limited number of 
sessions from children’s audiologists, ophthal- 
mologists, and orthopaedic surgeons. In 1983 
half the child development centres had audiolo- 
gical support (on average three sessions/month) 
but two thirds had no orthopaedic sessions, and 
80% had no help from an ophthalmologist. 

The number of child psychiatric sessions was 
even more unsatisfactory, yet the prevalence of 
behaviour problems among disabled children 
certainly justifies frequent visits from a 
psychiatrist. Only 19% of child development 
centres had such sessions in 1983 and then on 
average only two/month. 

The current vogue for family therapy does 
not seem to us to be particularly effective in 
helping parents to deal with behaviour prob- 
lems associated with other disabilities; perhaps 
this is the reason for what one paediatrician 
described as ‘the boomerang syndrome’: send 
such children to the child psychiatrist and they 
bounce right back. Behavioural approaches 
seem to have more to offer and in practice we 
found many of the children being helped by the 
centre’s psychologist. Unfortunately half the 
child development centres had no sessions from 
any kind of psychologist and those that did 
averaged only 1:5 sessions/week.. Given the 
range of tasks they have to undertake this is too 
few for them to become personally concerned in 
the treatment of many children. There is clearly 
a need for child development centres to have 
more sessions from psychologists and child 
psychiatrists with special interests in the diffi- 
culties of the disabled children present. 


Who should refer children to child development 
centres? 
The Court committee appreciated early on that 
there was a need for parents to be recognised as 
partners in the process of assessment and deci- 
sion making, and as front line therapists, in the 
care of their handicapped children; they there- 
fore stated that parents should have the right of 
direct access to district handicap teams. This 
view is not shared by most child development 
centres today, which (like most specialist servi- 
ces) accept referrals only from doctors. 

This is of course a customary privilege that 
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has its roots in medical etiquette, but it is fre- 
quently proclaimed as being ‘in the patients’ 
best interests’ while conveniently husbanding 
secondary care resources. We do, however, 
question both the need for and the ethics of 
imposing restrictions on parents’ access to child 
development centres, especially as not all the 
specialist expertise that they dispense is medi- 
cal. The bogey is often paraded of ‘creating a 
precedent by allowing parents direct access and 
thus opening the floodgates’, but in practice this 
does not happen and it is unlikely that one in 
three child development centres would still pur- 
sue a policy that led to serious overloading of 
the service. Most parents do not seem to object 
to referral only by doctors, and there is much to 
be said for an initial paediatric opinion being 
sought about any disability before referral to a 
child development centre; it does guard against 
the unnecessary and uneconomical use of scarce 
resources. Nevertheless, for parents who cannot 
for one reason or another accept this formality, 
denial of direct access looks like denial of 
patients’ rights and may put the child at risk. 

We believe it is as unwise as it is unnecessary 
for a child development centre to refuse the 
occasional direct referral of a child by the 
parents or by any professional concerned in the 
care of that child. The ethical, administrative, 
and practical difficulties it presents can almost 
invariably be overcome by sympathetic, diplo- 
matic, and sensible handling by centre staff. 


Who should fund child development centres? 
The government has accepted that district 
handicap teams should be a multiprofessional 
service jointly organised and operated by 
health, education, and social service authorities. 
Though we know of at least two child develop- 
ment centres that are jointly funded our ques- 
tionnaire did not ask about funding, only about 
staffing. One cannot assume that because a 
child development centre does have sessions 
from professionals employed by local education 
and social service authorities they are funded by 
those authorities, but one can be sure that if it 
does not the centre is unlikely to be jointly 
funded. It seems, therefore, that social service 
authorities are not contributing to the service 
provided by one third of all child development 
centres and (more seriously, we think) local 
education authorities are not contributing to 
half of them. 

The crucial role of health authorities in the 
early identification and diagnosis of disability is 
reason enough for health authorities to have 
taken the initiative in setting up child develop- 
ment centres. On the other hand, local educa- 
tion authorities have had a long standing legal 
responsibility (strengthened by the Education 
Act 1981) for ascertaining and meeting the spe- 
cial educational needs of handicapped children 
from the age of 2. This makes it imperative for 
professionals in health and education services 
who see such children to work closely together. 
It seems to us that local education authorities 
are under a strong obligation to share in funding 
the staff and facilities required for the proper 
assessment and treatment of young handicap- 
ped children. 
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When a disabled child reaches the age of 5 the 
focal point of service has to shift to the school. 
From this age at least, health and social services 
must reciprocate by funding adequately their 
professionals’ sessions in the school. It was dis- 
appointing to find that in 1983 only half the dis- 
tricts did this in respect of children who first 
attended their child development centres in 
their preschool years; only one in 12 seem to be 
doing so regularly for other disabled children. 


Recommendations 

By 1988, only 37% of health districts had what 
we regard as a district handicap team as descri- 
bed by the Court committee. We think that its 
concept of such a team was sound, but in future 
it should be exclusively referred to as a child 
development centre. Every district should have 
a child development centre and we highlight its 
essential features by updating some of the Com- 
mittee’s original recommendations as follows: 

(1) The child development centre should be 
closely associated with the district general hos- 
pital but equally committed to providing a peri- 
patetic service in satellite premises (especially in 
rural areas and in selected schools). 

(2) Given this assurance, local education and 
social service authorities should be prepared to 
enter into joint arrangements for funding and 
staffing the child development centre. 

(3) The child development centre should ini- 
tially be able to cater for the needs of all chil- 
dren under 10, and for older children in the ab- 
sence of adequate, similar facilities for dis- 
abled adolescents. 

(4) The child development centre should be 
able to provide initial assessment and treatment 
for children with any kind of disorder, leaving 
community mental handicap teams to concen- 
trate on the continuing special needs of mentally 
handicapped adolescents and adults. 

(5) To meet this demand, the child develop- 
ment centre should have regular weekly sessions 
from a consultant community paediatrician, a 
liaison health visitor, another nurse, a social 
worker familiar with the needs of disabled chil- 
dren, a psychologist with expertise in the cogni- 
tive assessment of disabled children and the 
management of emotional and behavioural diffi- 
culties, a teacher, a physiotherapist, speech 
therapist, and an occupational therapist, all of 
whom should be experienced in working with 
such children. 

(6) The child development centre should also 
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have at least one session a week from a child 
psychiatrist and regular (though not necessarily 
weekly) sessions from children’s orthopaedic, 
ophthalmic, and audiology specialists. 

(7) The referral of children to a child 
development centre should normally be initi- 
ated by a general practitioner, a paediatrician, 
or another medical specialist, but the centre 
should also adopt the policy of open referral 
from parents and any professional attending the 
child. 

(8) As well as providing a clinical service, a 
child development centre should be prepared 
and equipped to act as a district resource and 
information centre for disabled children, and to 
contribute to the inservice training of all profes- 
sionals in the district who may play a part in the 
care of disabled children. 

(9) The child development centre should 
take part in the district’s epidemiological 
studies relating to disabled children and help 
to monitor the service it provides. 


The initial study was undertaken when MCOB was supported by 
the DHSS, whose help we acknowledge. The views expressed are 
those of the authors and not of the DHSS. We thank Joy Allsop 
mae only for typing the manuscript but for helping us with the 
analysis. 
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SISTER JOURNALS—UNITED STATES 


Journal of Pediatrics 

As an immediately postwar child, I recall nostal- 
gically the arrival at my home of food parcels 
from relatives in the United States. No doubt 
the food itself was welcome but what is 
impressed upon my mind were the extrava- 
gantly glossy and brightly coloured advertise- 
ments in the magazines used as wrapping. 

I am reminded of these promises of a more 
glamorous life when obtaining my monthly fix 
of the Journal of Pediatrics—an addiction now 
well into its second decade. The September 
1990 issue is no exception with two aggressive 
‘puffs’ for commercial preparations of surfac- 
tant, the second consuming six pages. The 
United States equivalent of the data sheet for 
Exosurf, printed in its entirety, albeit almost 
invisibly for the evolving hypermetrope, is in 
itself an education both in neonatal physiology 
and ethical advertising. 

The Journal of Pediatrics can be relied upon 
to provide details of meticulously prepared 
research studies. I forgive it repeatedly that a 
sledgehammer may be used to crack a nut and 
that, if pagination is any guide, it often takes at 
least double the number of blows that the more 
economical Archives of Disease in Childhood 
might have used. 

September’s issue is a serendipitous choice in 
that the first paper is by our own Roy Meadow. 
(By ‘our’ I don’t mean Leeds where he is pro- 
fessor but Banbury where he was once a general 
practitioner.) His paper is on suffocation, recur- 
rent apnoea, and sudden infant death; does this 
mean he will now encounter vituperative press 
coverage Stateside to add to that provoked in 
the UK by those who point out that not all 
parents are squeaky clean? Incidentally, those 
who believe the major fault of American 
journals is their insularity should note that of 
the 32 papers in the September issue, eight are 
from Europe, two from Africa, and two from 
the Americas outside the United States. 

As a generalist without registrars to keep me 
up to date but with an army of managers who 
leave me little enough time to practise medicine 
let alone read about it, I have to be carefully 
selective. Of the 32 papers I rated six worth 
keeping complete and six worth keeping for 
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their summary—including the one I kept sim- 
ply because it quoted me in its references, a rare 
citation for a largely commercial scribbler; this 
is a hit rate of 40% which must be hard to beat. 

About the only groups who will find little 
for them here are the community paediatricians 
and child psychiatrists, although both might 
be bemused by the paper entitled ‘Dermato- 
glyphics in children with abdominal pain and 
constipation’. 

The Journal of Pediatrics takes itself pretty 
seriously: there are none of the jokey one liners 
of its sister transatlantic specialist journal or the 
historical delvings of the Archives. It’s surpris- 
ingly cheap at about £3°50 an issue including air 
mail postage so all those advertisements must be 
worthwhile; especially one seeking a paediatri- 
cian in Phoenix, Arizona offering ‘excellent 
fringe benefits including paid malpractice’. 


HARVEY MARCOVITCH 





LETTERS TO 
THE EDITOR 





Tests for growth hormone secretion 


Sır,— The reproducibility of pharmacological 
and physiological tests for growth hormone 
deficiency is rightly questioned in the annota- 
tion by Brook and Hindmarsh.! The authors, 
however, do not consider the reproducibility 
of the measurement of height. We recently 
demonstrated the unavoidable imprecision of 
height measurement,” and emphasise here its 
serious implications for the interpretation of 
short term growth data. We are particularly 
concerned about the estimation of velocity, 
where the errors from two height measure- 
ments rather than one are involved. 

In their ‘plan for action’, Brook and 
Hindmarsh advise: ‘Measure the child 
and... measure the child again after four 
months and calculate the annual velocity’. To 
base a velocity on measurements four months 
apart greatly increases the error of measure- 
ment already associated with the estimation of 
velocity over 12 months. It has been shown 
that the SD for a single height measurement 
made by experienced observers lies in the 
region of 0°25 cm.?-> (Any claim of a lower SD 
may well imply correlated measurement 
errors, as will happen, for example, if the cali- 
bration trials are not blind.) Given a typical 
SD of 0:25 cm, the 95% confidence interval 
for an annual velocity, calculated from the 
formula 2 (SD)V2 , is the observed incre- 
ment +0°71 cm/year. Where the measure- 
ments are only four months apart, instead of 
the standard 12, the confidence interval for an 
annual velocity triples in length. On this basis, 
the 95% confidence interval for a child 
between the ages of 5 and 6 years, estimated to 
be growing, for example, at the 50th centile 
for velocity, would lie between 4-2 and 8°4 cm/ 
year, and more than span the whole centile 
range on the chart (A on the figure). A four 


Velocity {crm/year} 


Age (years) 


95% confidence interval for an annual velocity 
based on two measurements of height, four months 
apart for: (A) a child estimated to be on the SOth 
centile for velocity; (B) a child estimated to be on 
the 3rd centile for velocity; and (C) a child with 
upper confidence limit for velocity on the 25th 
pel The observed velocity lies below the first 
centile. 





month velocity cannot give any indication of 
current growth. 

Furthermore, we have shown, and the 
authors have previously stated,’ that there is 
little correlation between successive height 
velocities. Velocity cannot therefore in prac- 
tice be used to predict future growth. 

The appeal of velocity lies in the Jabel it 
provides. The label ‘slow grower’ tends to 
generate action, which ts often expected of the 
clinician, but whether the label is appro- 
priately applied is seldom questioned. The 
Middlesex height velocity assessment chart— 
indeed any velocity chart-——while attractive 
conceptually, may be deceptive clinically. We 
are sure that the authors, in their advice as to 
when to take ‘immediate action’, did not mean 
to imply that where a single four month velo- 
city lies below the third centile, the paediatri- 
cian should seriously consider the ‘option 
of... giving the child growth hormone’. A 
velocity, estimated to be on the third centile, 
could in reality be as high as the 60th (B on 
figure). To be 95% confident, after only four 
months, that a 5 year old was growing 
slowly-—that is, at a rate below the 25th centile 
for velocity, the annual velocity would have to 
be less than 3-5 cm/year (C on figure). This 
cut off point lies well below the first centile, 
and not the 20th as illustrated on the 
Middlesex chart. 

We would again recommend that those 
involved in the measurement of children 
establish their own error, in the way we have 
suggested, and verify for themselves the 
serious limitations of short term velocity in the 
assessment of growth.” There are no short cuts 
to replace the need for long term monitoring. 


L D VOSS 

BJ R BAILEY 

P R BETTS 

The Wessex Growth Study 
Room CD53, 

Southampton General Hospital, 
Southampton SO9 4XY 


LDV is supported by Kabi Pharmacia UK Ltd, 
Sweden AB. 
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Professor Brook and Dr Hindmarsh comment: 
The comments from the Southampton group 
are noted. As the article was directed at tests 
of growth hormone secretion our interests lay 
in the brief given rather than a discussion of 
errors of height measurement, which, as the 
authors point out, have been documented by 
groups in Switzerland and the United 
Kingdom. As they show, short term measures 
require different charts for decision making. 
In practice, however, growth rates less than 
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the third centile nearly always indicate a clini- 
cal problem so we stand by our plan. 

It should be pointed out that growth velo- 
city is better estimated by linear regression of 
all measurements obtained over a 12 month 
period and not based on the extremes of the 
measurement period which will lead to the 
sort of errors discussed. The advantage is that 
all data points are used, including multiple 
measures on the same day. Growth velocity 
can then be calculated with an estimate of 
error. 

A disproportionate emphasis is still placed 
on endocrine tests in establishing the need for 
growth hormone treatment. Our annotation 
sought to put this in perspective. As the 
Southampton group have demonstrated, 
growth measures are a lot more reliable than 
any of the current tests available for estimating 
growth hormone secretory status, placing 
auxology foremost in the assessment of growth 
and its disorders ın children, even with the 
inaccuracies to which they have rightly drawn 
attention. 


Gut blood flow velocities in the newborn 


Six,--We read with interest the study by 
Coombs et al of the effects of parenteral 
indomethacin on splanchnic blood flow.' 
However we were surprised that no mention 
was made as to how the patency of the ductus 
arteriosus was established. In describing both 
the study and control groups the terms ‘symp- 
tomatic’ and ‘clinical’ lead to the assumption 
that echo Doppler cardiography was not 
performed. Surely in order to determine 
accurately the effect of a patent ductus arterio- 
sus on splanchnic blood flow, with or without 
parenteral indomethacin, it is essential to 
assess accurately the direction of flow and the 
pressure gradient across the ductus for both 
systole and diastole. The statements that: (1) 
indomethacin has. effects on splanchnic flow 
independent of its actions on the ductus and 
(2) the slow administration of parenteral 
indomethacin shows no apparent loss of effi- 
cacy on ductal closure, cannot be concluded 
from this study and are potentially misleading 
due to the lack of accurate haemodynamic 
documentation. 


E BRUCKHEIMER 

GLASER 

Department of Pediatric Cardiology, 
The Shaare Zedek Medical Center, 
Jerusalem 91031, 

Israel 


I Coombs RC, Morgan MEI, Durbin GM, Booth 
IW, McNeish AS. Gut blood flow velocities in 
the newborn: Effects of patent ductus arterio- 
sus and parenteral indomethacin. Arch Dis 
Child 1990;65:1067-71. 


Dr Coombs comments: 

While echo Doppler cardiography may be the 
gold standard for diagnosing a patent ductus 
arteriosus, most UK neonatologists when 
deciding on the need for treatment rely, as we 
did, on the clinical findings of a characteristic 
murmur, bouncy pulses, a wide pulse pres- 
sure, an increase in oxygen requirements, and 
evidence of heart failure. These clinical find- 
ings were present in all the babies comprising 
the study group and were not seen in the con- 
trol group. Supporting, but not influencing, 
the clinician’s decision to treat was the finding 
in the babies studied of the absence of retro- 
grade diastolic flow in the superior mesenteric 
artery, an indication of left to right shunt. 


imr 
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The same criteria for ductal closure— 
disappearance of murmur, return of pulses to 
normal, and resolution of heart failure—were 
used in both studies and correlated with the 
return of diastolic flow. Although the 
numbers are small, there was no apparent 
difference in the efficacy between bolus and 
slowly infused indomethacin. 

Our findings are that bolus indomethacin 
resulted in a pronounced fall in blood flow 
velocity in the superior mesenteric artery. We 
believe this fall in velocity represents a local 
vasoconstriction. This view is supported by 
animal and human data!’ and the observation 
that the magnitude of fall in velocity was 
different in the two vessels studied. 

The important messages, however, are that 
with a patent ductus arteriosus the splanchnic 
blood flow is compromised, and that slowly 
infused indomethacin avoids the profound fall 
in gut blood flow velocity that is seen with the 
first bolus dose of indomethacin. 


1 Lippton HL, Armstead WM, Hyman AL, 
Kadowitz PJ. Characterization of the vasocon- 
strictor activity of indomethacin in the mesenteric 
vascular bed of the cat. Prostaglandins Leuko- 
trienes Med 1987;27:81~91. 

2 Feigen LP, King LW, Ray K, Beckett W, 
Kadowitz Py. Differential fects of ibuprofen 
and indomethacin in the regional circulation of 
the dog. F Pharmacol Exp Ther 1981;219:679-84. 

3 Eriksson 5, Hagenfeldt L, Law D, Patrono C, 
Pinca E, Wennalm A. Effect of prostaglandin 
synthesis inhibitors on basal and carbon dioxide 
stimulated cerebral blood flow in man. Acta 
Physiol Scand 1983;117:203-11. 


Modern management of pyloric stenosis— 
must it always be surgical? 


Sır,— The paper by Eriksen and Anders! and 
the commentary’ interested us because the 
management of pyloric stenosis has often pro- 
voked controversy. In 1986 we also audited 62 
cases presenting between 1979-85 to a mixed 
paediatric medical and surgical ward outwith 
the specialist paediatric surgical unit. Pre- 
operätive fluid and electrolyte replacement 
was managed by paediatricians and operations 
were performed by general surgeons. Prophy- 
lactic antibiotics were not given routinely. 

Complications in our infants compare 
favourably with those of the two other recent 
series (see table).' 3 
` Our audit emphasised the point made by all 
three contributors, ? that the diagnosis of 
pyloric stenosis is not always straightforward. 
It also varies considerably in severity and so it 
was gratifying that Dr Jacoby’s work? was 
quoted by Mr Kiely.” Although Jacoby oper- 
ated on 104 babies with minimal morbidity 
and mortality there were a further 101 who 
tended to present later, have less severe vomit- 
ing, showed less weight loss and dehydration, 
and who responded rapidly and successfully to 
atropine methonitrate (Eumydrin). 

In our series of 62 babies, seven were 


Complications of pyloric stenosis 


Zeidan et a 


(1980-5, n= 106) 


Perforated duodenal mucosa 9 
Wound infection or abscess 6 
Persistent vomiting 9 
Wound dehiscence 0 
Incisional hernia 0 
Haemorrhage l 
Need for second pyloromyotomy 0 

25 


Total No (%) complications (24) 


treated successfully with Eumydrin, had a 
very short hospital stay, and were treated pre- 
dominantly as outpatients for a mean of seven 
weeks (range 2~16). In 1987 Eumydrin was 
taken off the market, having been in use for 60 
years. Paediatricians were thus denied the 
opportunity of avoiding surgery with its 
24-50% complication rate. We would like to 
report that the product Piptalin (Boehringer 
Mannheim), which contains the antispasmo- 
dic pipenzolate bromide, has been used 
successfully in three babies with pyloric steno- 
sis in the past 12 months. Nowadays few 
junior staff have any experience of judicious 
medical treatment for pyloric stenosis. Babies 
are, therefore, referred without a second 
thought for surgery, which fortunately carries 
a negligible mortality, although the complica- 
tions described above should not be ignored. 

Should medical treatment for pyloric steno- 
sis be totally abandoned? 


P G F SWIFT 

J E PROSSOR 
Department of Paediatrics, 
Leicester General Hospital, 
Gwendolen Road, 
Leicester LES 4PW 
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13 
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2 Kiely EM. Commentary. Arch Dis Child 1991; 
66: 132-3. 


3 Zeidan B, Wyatt J, Mackersie A, Brereton RJ. 
Recent results of treatment of infantile pyloric 
stenosis. Arch Dis Child 1988;63:1060-4. 

4 Jacoby NM. Pyloric stenosis: selective medical 
and surgical treatment. A survey of 16 years’ 
experience. Lancet 1962;1:119-21. 


Collodion babies with Gaucher’s disease— 
a further case 


SIR,—Lui et al reported two neonatal siblings 
with ichthyosis and Gaucher’s disease who 
died in the first days of life.’ We wish to 
report another case. 


Case report 

The first child of a non-consanguinous white 
couple was born at appropriate weight for 
gestational age at 32 weeks’ gestation. There 
was no family history of birth defects, skin 
disorders, or haematological problems. At 
birth the baby had moderate ichthyosis with 
ectropion and some restriction of movement of 
the digits, presenting as a mild form of the 
‘collodion baby’ phenotype. Hepatospleno- 
megaly was noted. The ichthyosis improved 
over the first 10 days, thrombocytopenia 
developed, and the baby’s condition deterio- 
rated with apnoea, suspected infection, and 
jaundice. Because of the report of Lui et al, 
leucocyte enzyme assays were performed and 
showed a gross deficiency in the ß glucocere- 


Eriksen and Anders 
(1984-9, n=46) 


Present sertes 
(1979-85, n=55) 
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brosidase activity measured with the natural 6 
glucocerebroside substrate (53 pmol/min/mg 
protein, normal 600-3200) or the artificial 
4mu substrate (19 pmol/min/mg protein, 
normal 60-220). The child died at the age of 3 
weeks and postmortem liver histopathology 
confirmed a diagnosis of Gaucher’s disease. 

This is the third reported case in the same 
city in Australia. The family in Lui et al came 
from the western suburbs of Sydney.! The 
families were unrelated. We suspect that this 
diagnosis may be being overlooked in the 
differential diagnosis of ichthyosis in the 
neonatal period. 

The reason for the association is by no 
means certain. Other associations with 
disorders of lipid metabolism and ichthyosis 
include X linked ichthyosis with steroid 
sulphatase deficiency, neutral lipid storage 
disease, Refsum’s disease, and multiple sul- 
phatase deficiency. Alternatively, it was 
suggested by Lui et al, the combination may 
represent manifestation of a contiguous gene 
disorder.' 


A H LIPSON 


The Children’s Hospital, 
PO Box 34, Camperdown, 
Sydney, NSW, 

Australia 


We thank Dr EF Robertson of Adelaide Children’s 
Hospital for the enzyme studies and Dr C Commens 
for his comments. 


1 Lui K, Commens C, Choong R, Jaworski R. 
Collodion babies with Gaucher’s disease. Arch 
Dis Child 1988;63:854-6. 
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The Child Surveillance Handbook. By 
D MB Hall, P Hill, D Elliman. (Pp 257; 
£1495 paperback.) Radcliffe Medical Press, 
1990. ISBN 1-870905-66-0. 


At last a readable book that paediatricians can 
recommend for general practitioners, health 
visitors, and community medical officers 
undertaking child health surveillance. 

The book is divided into two parts ‘health 
promotion’, which is further subdivided into 
primary, secondary, and tertiary prevention, 
and ‘putting the programme into practice’ 
which is split by developmental stages up to 
school entry. The latter has a very basic ‘what 
to do’ and ‘how to do it’ approach to com- 
monly encountered clinical problems that will 
suit those new to surveillance. 

The child psychiatry input to the assess- 
ment and management of common behaviour 
problems is particularly valuable and will add 
greatly to the practical value of the book. The 
flow diagrams and diary suggestions should 
lead to successful resolution of many of these 
types of disorder. 

No book of this size could claim to be com- 
prehensive, and personally I would have liked 
a larger section on breast feeding and manage- 
ment of breast feeding related problems, the 
effects on children of separation and divorce, 
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and more discussion on the primary health 
care team involvement in health protection. 
Continuation of the practice established in 
earlier chapters of suggestions for ‘further 
reading’ would also have been useful after the 
later chapters. 

Paediatricians involved with training for 
surveillance will be encouraged to know that 
the authors, the Child Growth Foundation, 
Radcliffe Medical Press, and others are 
developing a series of training packages to 
complement this book and covering other 
aspects of child health care. I look forward to 
reviewing them. 


SIMON LENTON 
Community paediatrician 


Handbook of Paediatric Dermatology. 2nd 
Ed. By John Harper. (Pp 228; £29-50 hard- 
back.) Butterworth-Heinemann, 1990. ISBN 
0-750-61027-1. 


‘Harper’s handbook’ will now be even more 
popular. The winning combination being 
quality. colour photographs with equally clear 
and succinct text. 

This new edition has up to date illustrations 
and accounts of child abuse, prenatal diagno- 
sis, Lyme disease, Kawasaki’s disease, and a 
new chapter on tropical dermatoses. The 
references and appendices have been updated 
throughout, including a useful list of British 
and American patient support groups. 

Notably, in the five years since the first edi- 
tion, the incidence of infantile eczema has 
been changed from 1-3% to 5-10%. In line 
with present confusion, the advice that breast 
feeding ‘has been shown to decrease the risk of 
eczema’ has been changed to ‘breast feeding 
should be encouraged but there is no evidence 
that this reduces the risk of eczema’. 

As a paediatrician in training I felt this book 
gave me no guidance on the profound effects 
of skin disease on growing children, and how 
to handle them. Eczema treatment is directed 
to the skin rather than to the child. Until we 


Archives of Disease in Childhood 1991; 66: 668 


can cure the chronic skin diseases we must 
surely be prepared to treat the resulting 
distress. 

A recent rival (Verbov’s Essential Paediatric 
Dermatology) provides a more personal 
anecdotal approach. Equally beautifully illus- 
trated, this book contains many useful tips 
such as: how to discourage itchy children from 
scratching, and lice in eyelashes are usually 
pubic so check the parents. However in 
achieving this Verbov’s book is necessarily 
more verbose and less comprehensive. 

‘Harper’s handbook’ will remain essential to 
students taking final MB, DCH, and espe- 
cially membership. Its clarity and brevity 
make it pleasurable reading cover to cover. 
Moreover the efficient index and organisation 
will make it the chosen reference companion 
to all paediatricians, dermatologists, and 
general practitioners caring for children with 
skin disorders. 


BENJAMIN JACOBS 
Paediatic registrar 
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Annotations 


Monitoring TSH concentrations during treatment for 


congenital hypothyroidism 


Treatment of a child with congenital hypothyroidism should 
be one of the most straightforward and rewarding experi- 
ences in paediatrics. As a result of neonatal screening and 
early diagnosis the prognosis for mental development is 
greatly improved, treatment itself is simple and inexpen- 
sive, and biochemical tests to monitor therapy are widely 
available. However, most paediaticians will have encoun- 
tered cases during treatment in which the laboratory results 
are difficult to interpret as the plasma thyroid stimulating 
hormone (TSH) concentration is abnormal even though 
plasma thyroxine—measured either as total thyroxine or 
free thyroxine—is normal. Such cases are relatively com- 
mon, particularly during early infancy. For example, 34% 
of the children with congenital hypothyroidism reported by 
Hulse et al had raised TSH concentrations at the age of 1 
year.’ Similarly, Abusrewil et al found TSH values above 10 
mU/l in 38% of cases tested between 5 and 11 months,” and 
Germak and Foley found high TSH concentrations at 1 year 
in 23% of their patients with thyroid dysgenesis’; interest- 
ingly, their cases with dyshormonogenesis all had normal 
TSH values.’ 

Are these discrepancies between TSH and thyroxine con- 
centrations important and what do they mean? 

Measurement of thyroxine and TSH reflect slightly diffe- 
rent aspects of thyroid status, the former indicating thyroid 
activity (or replacement treatment with thyroxine), and the 
latter gives information on the biological effect of circulating 
thyroid hormone. The reciprocal relationship between the 
two is well known but the mechanisms behind it are still 
incompletely understood. However, it seems clear that the 
set point which defines the concentration of plasma thyrox- 
ine at which TSH secretion is normal varies between indi- 
vidual subjects and also changes with age. This set point is 
associated with high plasma thyroxine values during the 
first months of life, followed by a progressive decline during 
childhood.* Change in the set point also occurs as a result of 
illness, particularly thyroid disease; for example, TSH sec- 
retion remains suppressed for some time after hyperthyroid- 
ism has been relieved.? The variation in set point during 
early infancy and delay in establishing a new threshold when 
plasma thyroxine returns to normal probably account for 
most of the discrepancies between plasma thyroxine and 
TSH results encountered during treatment of congenital 
hypothyroidism. 

It has long been known that in adults with hypothyroid- 
ism plasma thyroxine must be maintained in the upper nor- 


mal range to suppress TSH.° This is also the case in con- 
genital hypothyroidism,* and many studies have shown that 
raised plasma TSH concentrations during treatment are 
almost invariably associated with plasma thyroxine concen- 
trations in the mid to lower part of the normal range.! 77 8 
In a few cases, raised TSH concentrations have been associ- 
ated with thyroxine concentrations well above normal and 
this has been attributed to delay in maturation of the 
pituitary-thyroid axis.” The children with raised TSH con- 
centrations have generally been receiving a relatively low 
dose of thyroxine, and the optimum dose which will keep 
TSH within normal has been estimated at 100-105 ug/ 
m7,’ }° with a high dose relative to body weight (8 to 14 ug/ 


kg) in early infancy.! 3 


Delay in reaching a new set point after a change in plasma 
thyroxine concentration can also result in discrepancies 
between plasma thyroxine and TSH. This is commonly seen 
during the first weeks of treatment when plasma thyroxine 
returns to normal much more quickly than TSH.’ Delay in 
reaching a new threshold may also cause discrepant results if 
compliance with treatment is poor. Regular administration 
of thyroxine shortly before an outpatient visit will largely 
correct plasma thyroxine without completely suppressing 
TSH. 

Does it matter if plasma TSH is mildly raised during 
treatment if the patient appears euthyroid with normal 
growth and normal mental development? In many cases the 
answer is probably ‘no’, particularly if there has been a 
recent change in dosage of thyroxine or if the plasma thyrox- 
ine concentration is close to the upper limit of normal. 
However, we still do not know whether slight undertreat- 
ment has any long term adverse effects, for example on 
psychological outcome, and ideally plasma TSH should be 
maintained between 0-1 and 5 mU/l.” My own practice is to 
try to keep plasma TSH as near normal as possible during 
early infancy but to discount slightly raised values in older 
children, particularly if growth is normal. 

Is there a risk of overdosage if treatment aims to keep 
TSH within the normal range? The answer to this question 
must be ‘yes’ until the new immunoradiometric (IRMA)}— 
or immunofluorometric (IFMA)}—assays for TSH are more 
widely available. These assays are many times more sensi- 
tive than the original radioimmunoassays and can identify 
TSH concentrations that fall below the lower limits of 
normal.'’ There is some evidence that clinical problems 
such as poor concentration or restlessness may be associated 
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with relatively minor degrees of overtreatment? and the new 
assay methodology will allow further evaluation of this 
aspect of congenital hypothyroidism. | 
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Pitfalls in the diagnosis of congenital diaphragmatic hernia 


Congenital diaphragmatic hernia (CDH) is a rare anomaly 
occurring in one in 3600 live births. If affected fetuses are 
taken into account the incidence is increased to one in 
2200.' An increasing proportion of these cases are being 
diagnosed as a result of routine antenatal scanning. There 
remain a significant number of affected patients who pre- 
sent for the first time in the neonatal period and a further 
group presenting as older infants or children. 


Neonatal diagnosis and pitfalls 
The classical presentation of a neonate in respiratory dis- 
tress, with a scaphoid abdomen, apparent dextrocardia, and 
multiple air and fluid filled bowel loops in the left 
hemithorax on chest radiography presents no diagnostic 
difficulry. Occasionally the chest radiograph is taken before 
the passage of swallowed air into the herniated intestine and 
will thus demonstrate a radio-opaque hemithorax. The 
absence of intestinal gas in the abdomen should provide the 
diagnostic clue in these cases.” In all cases the abdomen 
should be included on the radiograph if CDH is suspected. 
The existence of a previously normal chest radiograph does 
not preclude the diagnosis.” The defect in the diaphragm 
may be plugged by a solid abdominal viscus, for example, 
liver, spleen, or omentum.* The delayed appearance may on 
some occasions be related to initially raised intrathoracic 
pressure which when lowered allows the abdominal viscera 
to enter into the affected hemithorax.° 

There is a further group of neonates with delayed appear- 
ance of right diaphragmatic hernia associated with group B 
streptococcal infection, and neonates with relapsing strepto- 
coccal infection should have this diagnosis positively 
excluded.° 7 Right sided hernias may present as a pleural 
effusion, the obstructed hepatic venous outflow from herni- 
ated liver causing vascular congestion and transudation 
from the liver surface.* ë The effusion may compress the 
adjacent lung resulting in atelectasis which may mimic 
primary pulmonary pathology, or may prevent identifica- 
tion of either the herniated liver or the diaphragm itself, 
Ultrasound should establish the diagnosis in these cases. 
Paraoesophageal and oesophageal hiatal hernias are gen- 
erally associated with vomiting rather than respiratory 
embarrassment. Large paraoesophageal hernias are usually 
identified in the posterior right cardiophrenic region and 
easily confirmed on barium studies. The differentiation of 
cystic adenomatoid malformation, congenital lobar emphy- 


sema, and CDH may present diagnostic difficulty as they 
may all present with respiratory distress at or shortly after 
birth.”!! If the chest radiograph is taken too early the 
affected lung in cystic adenomatoid malformation and con- 
genital lobar emphysema may be fluid filled. There are 
several diagnostic pointers which assist in establishing the 
correct diagnosis. The presence of normal intestinal gas sha- 
dows within the abdominal cavity should raise doubts about 
the diagnosis of CDH. The position of the tip of the naso- 
gastric tube may be helpful when the stomach lies above the 
diaphragm, and in these instances it may be a prognostic 
indicator, as the presence of an intrathoracic stomach has 
been equated with an adverse prognosis. '* On rare occasions 
air or contrast may be instilled via the nasogastric tube to 
determine the position of the stomach and small intestine. 
Ultrasound may prove helpful and may demonstrate the 
diaphragmatic defect with bowel or, if on the right, liver 
passing through. Congenital lobar emphysema usually 
involves the upper lobes and the chest radiograph most 
commonly shows hyperlucency rather than an appearance 
similar to bowel gas shadows.’ There have been reports of 
the other congenital bronchopulmonary malformations 
being misdiagnosed as CDH, but these reports stress the 
importance of careful interpretation of the chest and abdo- 
minal radiographs, and if necessary, the use of 
ultrasound. !? !* 

Eventration is more common on the right, usually con- 
tains liver, and is most easily diagnosed by ultrasound. 
Occasionally the fine distinction between a partition con- 
taining a few strands of muscle, that is, a diaphragmatic 
eventration, and a peritoneal sac without striated muscle, 
that is, a hernia, may prove difficult even at surgery, but in 
such cases the distinction is unimportant. ! 

Staphylococcal pneumonia that has progressed to produce 
pneumatocoeles may have an appearance on chest radiogra- 
phy that on first inspection mimics CDH.’ Staphylococcal 
pneumonia may affect either lung and the bowel gas pattern 
will be normal. The clinical presentation will be different 
and the presence of earlier films should prove helpful. 

Urgent surgery for CDH has been superceded by a period 
of preoperative resuscitation and stabilisation which may 


- extend over several days.'© The rapid presumptive diagnosis 


of CDH remains essential for the correct management to be 
instituted. The period of preoperative stabilisation allows 
ample time for the definitive diagnosis to be established by 
the full range of necessary radiological investigations if 
required. 
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Pitfalls in the diagnosis of congenital diaphragmatic hernia 


Diagnosis and pitfalls in the older child 

The initial impression that CDH is rare beyond the neonatal 
period. has how been revised. The reported incidence ranges 
from 5 to 25% of patients with CDH. 17 18 The wide variety 
of symptoms and signs in the older age group compound the 
diagnostic difficulty. Recurrent chest infections, acute 
respiratory distress, recurrent vomiting, diarrhoea or consti- 
pation, and failure to thrive are some of the reported pre- 
senting symptoms." !8 The clinical signs may be equally 
non-specific. The hernias may be intermittent or only 
demonstrable in Trendelenberg’s position.!? 7° Thus the 
presence of a normal or previously normal chest radiograph 
does not exclude the diagnosis. At least 22 documented 
cases of left posterolateral hernia have been reported in the 
English literature in patients with previously normal chest 
radiographs. !® The size of the hernia bears no relation to the 
severity of the symptoms. The most frequent misdiagnosis 
after chest radiography appears to be pneumonia, although 
other diagnoses such as pneumothorax, cystic lung bullae, 
and gastric volvulus have been reported.'? 7! 

Careful interpretation of the chest and abdominal radio- 
graphs at presentation will, as in the neonatal group, usually 
lead to the correct diagnosis. The presence of haustral mark- 
ings or valvulae conniventes will help identify bowel, 
although these may be difficult to appreciate on a supine 
film and an erect film may be required. The passage of a 
nasogastric tube may enable the correct diagnosis to be 
made in left sided hernia when the stomach lies in the chest. 
Other imaging modalities which may be helpful include a 
barium meal and follow through or barium enema as most 
hernias in this group will contain some part of the gastroin- 
testinal tract. Recent reports suggest that Morgagni hernia 
more frequently contain bowel than was previously 
recognised.'? Although Morgagni hernia are more likely to 
present as a chance finding, the presence of a hollow viscus 
increases the likelihood of symptoms. As in neonates, right 


sided hernias frequently contain liver and in the older child 


may be asymptomatic. Ultrasound may demonstrate the 
diaphragmatic defect, if required.*” In both left and right 


` sided herniation intestinal obstruction or strangulation is a 


well reported occurrence.”* 


In both groups the correct diagnosis is nearly always 
apparent on close inspection of the presentation radio- 
graphs. The most likely diagnostic error is cystic adenoma- 
toid malformation in the neonatal group and pneumonia in 
the older group. If further investigation is required the 
passage of a nasograstric tube may prove helpful in both 
groups. If the diagnosis is still not clear an ultrasound in the 
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neonatal group and a barium study in the late presentation 
group will establish the diagnosis in most instances. 


F GLEESON 
Department of Radiology 
L SPITZ 
Department of Surgery 
Hospital for Sick Children, 
Great Ormond Street, 
London WCIN LEH 


l Butler N, Claireaux AE. Congenital diaphragmatic hernia as a cause of peri- 
natal mortality. Lancet 196251:659--63 

2 Singleton EB, Wagner ML, Dutton RV. Radiologic atlas of pulmonary 
abnormalities in children Philadelphia: WB Saunders, 1988 

3 Fauré C, Sauvegrain J, Bomsel F. Right-sided congenital diaphragmatic 
hernia v vu delayed radiological manifestations, Ann Radiol (Paris) 1971; 
i 

4 Blank E, Campbell JR. Congenital posterolateral defect i in the right side of the 
diaphragm. Pediatrics 1976;5:807—10. 

5 McClead RE, Graham M, Fletcher BD. Postnatal appearance of diaphrag- 
matic hernia. Am F Dis Child 1978;132:1137-8. 

6 Ashcraft KW, Holder TM, Amoury RA, et al. Diagnosis and treatment of 
right Bochdalek hernia associated with group B streptococcal pneumonia 
and sepsis in the neonate. F Pedir Surg 1983;18:480-5. 

7 McCarten KM, Rosenberg HK, Borden S, Mandell GA. Delayed appearance 
of right diaphragmatic hernia associated with group B streptococcal 
infection in neonates. Pediatr Radiol 1981;139:385-9. 

8 Chilton HW, Chang JHT, Jones MD, Brooks JG. Right-sided congenital 
diaphragmatic hernia presenting as pleural effusions in the newborn: 
dangers and pitfalls. Arch Dis Child 1978;53:600-3. 

9 Heji HA, Ekkelkamp S, Vos A. Diagnosis of congenital cystic adenomatoid 
malformation of the lung in newborn infants and children. Thorax 1990;45: 


10 Belanger R, Fleche LR, Pickard JL. tates cystic adenomatoid malfor- 
mation of the lung. Thorax 1964;19:1-11 

11 Nishibayashi SW, Andrassy RJ, Wooley MW. Congenital BT adenomatoid 
malformation: a 30-year experience. 7 Pediatr Surg 1981;16:704-6. 

12 Goodfellow T, Hyde I, Burge DM, Freeman NV. Congenital Eee 
hernia: the prognostic significance of the site of the stomach. Br 7 Radiol 
1987;60:993-5. 

13 Muayed R, Azıny AF, Fyfe AHB, Cochran W. Congenital cystic adenomatoid 
malformation of the lung. Potential diagnostic pitfall. Surgery In Infancy 
And Childhood 1986;41:107-8. 

14 Bailey PV, Tracy T, ‘Connors RH, deMello D, Lewis JE, Weber TR. 
Congenital bronchopulmonary malformations. fi Thorac Cardiovasc Surg 
1990;99:597-603. 

15 Bonham Carter RE, Waterston DJ, Aberdeen E. Hernia and eventration of 
the diaphragm in childhood. Lancet 196251:656-9. 

16 Tibboel D, Bos AP, Pattenier JW, Hazebroek FW], Mader N, Molenaar JC. 
Pre-operative stabilisation with Se hie repair in congenital ‘diaphragmatic 
hernia. Z Kinderchir 1989;44:1 

17 Newman BM, Afshani E, Karp MP. Jewett TC, Cooney DR. Presentation of 
tes diaphragmatic hernia past the neonatal period. Arch Surg 1986; 

18 Berman L, Stringer DA, Ein S, Shandling B. Childhood diaphragmatic 
hernias presenting after the neonatal period. Clin Radiol 1988;39:237-44. 

19 Hight DW, Hixson SD, Reed JO, Watts FB, Hertzler JH. Intermittent 
diaphragmatic ver of Bochdalek: report of : a case and literature review. 
Pediatrics 1982;69:6 

20 Booker PD, Meerstadt PWD, Bush GH. ee diaphragmatic hernia in 
the older child. Arch dis Child 1981;56:253-7. 

21 Berman L, Stringer D, Ein SH, Shandling B. The late presenting paediatric 
Bochdalek hernia. F Pediatr Surg 1988;23:735-9. 

22 Merten DF, Bowie JD, Kirks DR, Grossman H. Anteromedial diaphragmatic 
defects in “infancy: current approaches to diagnostic imaging. Pediatr Radial 
1982;142:361-5. 

23 Wooley MM. Delayed appearance of a left posterolateral diaphragmatic hernia 
resulting in significant small bowel necrosis. 7 Pediatr Surg 1977;12:6734. 

24 Campbell DN, Lilly JR. The clinical spectrum of right Bochdalek’s hernia. 
Arch Surg 1982; 117:341-4. 


Archives of Disease in Childhood 1991; 66: 672-675, 





ORIGINAL ARTICLES 





Department of 
Paediatric Pneumology, 
Kinderklinik der 
Medizinischen 
Hochschule, 

3000 Hannover 61, 
Federal Republic 
of Germany 

J Seidenberg 

Y Mir 

H von der Hardt 


Correspondence to: 

Dr J Seidenberg, 
Abteilung Padiatrische 
Pneumologie, 
Kinderklinik der 
Medizinischen Hochschule 
Hannover, 

3000 Hannover 6], 
Federal Republic 

of Germany. 


Accepted 30 January 1991 


consumption, 


Hypoxaemia after nebulised salbutamol in wheezy 
infants: the importance of aerosol acidity 


J Seidenberg, Y Mir, H von der Hardt 


Abstract 

The effect of nebulised tso-osmolar, preserva- 
tive free, but acidic salbutamol solution was 
studied in 34 acutely wheezing infants aged 1- 
17 months. Transcutaneous oxygen pressure 
(TcPo,) and oxygen saturation (So,) fell signi- 
ficantly during the first five minutes after 
nebulisation with further deterioration at 15— 
20 minutes. Ten of these infants were fol- 
lowed up for another two hours and showed 
slight improvement. Even after the second 
hour TcPo, had not reached baseline values. 
Three months later the response to salbuta- 
mol and a placebo of equal acidity (pH 3-9) 
was studied in 11 infants from the same group, 
now free of symptoms. Lung function tests 
were included and showed no significant 
changes in specific conductance and volume 
corrected maximum expiratory flows (Vmax 
at functional residual capacity/thoracic gas 
volume). However, hypoxaemia occurred 
after the acidic placebo with a significant drop 
of TcPo, (mean 0-9 kPa); So, decreased simi- 
larily but this did not reach significance. After 
salbutamol there was a further significant 
deterioration of mean TcPo, (1-4 kPa) and of 
So,. These results show that beside a possible 
pharmacological effect of salbutamol the acid- 
ity of the aerosol also induces hypoxaemia in 
infants. 


Nebulised salbutamol has been shown to cause 
hypoxaemia in acutely wheezy infants.’ Simi- 
larly, several lung function parameters of 
wheezy infants were found to deteriorate after 
nebulisation of salbutamol,?~* but their relation 
to hypoxaemia has not been proved. The 
mechanisms of hypoxaemia after inhalation of 
salbutamol are still unclear. An increase of ven- 
tilation-perfusion mismatch could be caused by 
raised pulmonary perfusion? as well as reduced 
airway smooth muscle tone leading to higher 
airway compression during forced expiration.’ ? 
Also the physical properties of the aerosol 
including acidity and osmolarity* or the content 
of preservative’ may be responsible for the 
observed negative effects. Furthermore hypox- 
aemia could be explained by a rise in oxygen 
which may be induced by 
salbutamol’ or just by the sedation (chloral 
hydrate),® which is often used to perform the 
lung function tests. 

The clinically important observation of 
hypoxaemia after nebulisation of salbutamol has 
so far been made in only five wheezy infants, 
who all were sedated with chloral hydrate.’ The 
observation period was no longer than 20 


minutes and oxygen pressure did not return to 
baseline during that time period. The placebo 
used was physiological saline; the salbutamol 
solution however was acidic.! ? 

We therefore performed two test series to 
obtain further information. In both tests trans- 
cutaneous oxygen pressure (TcPo,) and satura- 
tion (S02) were measured after nebulisation of a 
preservative free and iso-osmolar salbutamol 
solution. In the first test acutely wheezing 
infants were studied without sedation over a 
period of 2°5 hours. From these, some infants 
could be re-examined when free of symptoms 
with additional lung function tests before and 
after salbutamol and placebo of equal acidity. 


Patients and methods 

For the first test, 34 acutely wheezy infants aged 
1-17 months (mean age 6°6 months) were 
studied shortly after admission to hospital. 
Readings of TcPo, (Kontron Cutan 820) were 
taken after calibration in air by placing the 
heated electrode (44°C) on the upper thorax of 
the infants and allowing a stabilisation period of 
15-20 minutes. Heart rate and So, (Dräger 
Nellcor 100) were recorded simultaneously, and 
special care was taken to discard artefacts. All 
the readings were only taken when the infants 
were asleep or lying quietly without body move- 
ments. 

The patients were not sedated and had not 
received any bronchodilator during the previous 
eight hours. An iso-osmolar solution containing 
2°5 mg of preservative free salbutamol (2°5 ml 
Salbutamol 5 Riker Infusionskonzentrat, 290 
mosm/kg, pH 3-9) were given by a Turret 
nebuliser (Medic Aid) driven by compressed air 
at 6 1/minute for about five minutes. TcPo, and 
SO, were observed continuously, values were 
collected at minute intervals, and the mean 
values for the five minutes before and after 
nebulisation were analysed as well as the mean 
values from the 15th to 20th minute. 

After measurements had been obtained from 
15 patients, we decided to extend the observa- 
tion period and 10 patients could be follow up to 
2:5 hours. The means from 60-80 minutes and 
120-140 minutes after nebulisation were 
recorded. 

Informed consent was obtained from parents 
of 11/34 infants to participate in a second test 
about three months later when the infants were 
without clinical symptoms and free of infection. 
Their mean age then was 9-5 months (range 6- 
14 months). They received 80-100 mg/kg 
chloral hydrate orally. When asleep, baseline 
values for airway resistance and thoracic gas 
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volume (TGV) were measured in a volume 
constant baby body plethysmograph (Fenyves 
and Gut) under body temperature, pressure, 
and saturation (BTPS) conditions. Maximum 
flow at functional residual capacity (FRC) 
(Vmax FRC) was obtained by the chest com- 
pression technique described elsewhere.'? !! 
TcPo,, So, and heart rate were recorded as 
described above. An aliquot of 2:5 ml of acidic 
placebo (physiological saline, titrated to pH 3-9 
with hydrochloric acid, osmolarity 280 mosm/ 
kg) was nebulised with the same Turret nebu- 
liser and flow rate for about five minutes. Fif- 
teen to 20 minutes later the infants received the 
same dose of salbutamol as in the first test. 
After both nebulisations measurements of 
TcPo,, So, and heart rate were averaged for the 
first five minutes after nebulisation and lung 
function tests were repeated. 

The Wilcoxon matched paired test for non- 
parametric data was used to describe significant 
differences (p<0°05). These were similar to 
results obtained using equivalent ¢ tests, there- 
fore values are expressed as mean and SD. 


Results 
FIRST TEST: ACUTELY WHEEZY INFANTS 
Thirty of 34 infants remained undisturbed 


Table 1 Mean (SD) values of oxygen saturation (So2), 
transcutaneous oxygen pressure (TcPo;,), and heart rate 
before and up to 20 minutes after salbutamol (n=30) 


Baseline 0-5 Minutes 15-20 Minutes 
So; (%) 95 (3:8) 93 (4°6)* 93 (4-5)* 
TePo, (kPa) 82 (1-8) 75 (1°9)* 7271977 
Heart rate (l/min) 131 (18) 135 (18)* 139 (17)*F 


*Significantly different (p<0°05) to baseline value; fsignificantly 
different (p<0'05) to preceding value. : 
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Figure 1 Individual changes in transcutaneous oxygen pressure (TcP02) 20 minutes after 
salbutamol (n=30). A fall was observed in 28 and an increase in two infants. 


673 


throughout the test, but four infants fell asleep 
or woke up so that comparable measurements 
could not be obtained. 

Baseline readings for TcPo, and So; are listed 
in table 1. After salbutamol a significant fall 
occurred for TcPo, and So, within the first five 
minutes (p<0°001). Further deterioration was 
observed after 15-20 minutes. Compared with 
baseline values, the mean TcPo, had decreased 
from 8-2 kPa to 7:2 kPa and So, from 95% to 
93%. Individual changes are shown in fig 1. 

The long term follow up in 10 patients sho- 
wed improvement after one and two hours, 
TcPo, still remaining significantly below the 
baseline values (7-1 kPa, p<0°006 and 7°4 kPa, 
p<0-047) (table 2, fig 2). So, had normalised 
after the second hour except in five patients 
with values of more than 1% below the baseline 
value. Mean heart rate rose significantly after 
salbutamol from 131/minute to a maximum of 
139/minute 20 minutes after nebulisation. After 
one hour heart rate. was still raised (p<0°007). 


SECOND TEST: INFANTS FREE OF SYMPTOMS 
Three of 11 infants woke up after the measure- 
ments taken after the placebo. Only complete 
data sets were compared: for TcPo, and So; this 
was obtained in eight infants; for airway mecha- 
nics in six infants only. 

Baseline readings for TcPo, (10°4 kPa) and 
So, (98%) had now reached normal range in 
most patients (table 3). After nebulisation of the 
acidic placebo, values for TcPo, fell signifi- 
cantly to 9-5 kPa (p<0'012) within the first five 
minutes and recovered to 10°0 kPa within the 
15th to 20th minute after nebulisation (p= 
0-164, fig 3). However, TcPo, was still signifi- 
cantly different from baseline (p<0'013). After 
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15-20 60-80 120-140 


Time intervals {minutes) 


Figure2 Changes in transcutaneous oxygen pressure 
(TcPo;)} up to 2-5 hours after salbutamol (n=10). The bold 
line indicates the mean value. 


Baseline 0-5 


Table2 Mean (SD) values of oxygen saturation (Soz), transcutaneous oxygen pressure (TcPo;), and heart rate before and 


up to 2°S hours after salbutamol (n=10) 


Baseline 0-5 
Minutes 
So, (%) 93 (27) 91 (4-4)* 
TcPo, (kPa) 8-1 (2-4) 71 (2-4)* 
Heart rate (l/min) 127 (12) 132 (14)* 


15-20 60-80 120-140 
Minutes Minutes Minutes 
91 (4-5)* 92 (3-4)* 92 (3:2) 
6°9 (2:4)" 7-1 (2°4)* 74027) 
134 (15)*+ 134 (13)* 129 (16)+ 


*Significantly different (p<0-05) to baseline value; Tsignificantly different (p<0'05) to preceding value. 
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Table 3 Mean (SD) values of oxygen saturation (So2), transcutaneous oxygen pressure (TcP oz), heart rate, and lung 
function (% predicted) at baseline, after acidic placebo, and after salbutamol 





No of Baseline 
patients 
So (%) 8 98 (1°1) 
TcPo, (kPa) 8 10°4 (13) 
Heart rate (l/min) 8 122 (10-9) 
Vmax FRC (%) 6 48 (18) 
Airway resistance (%) 6 95 (28) 
TGV (%) 6 147 (20) 
Specific conductance 
. (l/second/kPa) 6 0°16 (0°05) 
Vmax FRC/TGV (1/second) 6 0°41 (0°18) 


After placebo: After placebo: After 


early late salbutamol 
97 (2-2) 98 (1-3) 96 (2:0)*+ 
9-5 (1°9)* 10°0 (1°4)* 86 (1°8)*¢t 
125 (8:2) 122 (10-8) 141 (10°8)*44 
42 (16) — 50 (22) 

114 (23) — -119 (27) 

130 (18)* — 132 (21) 
0-14 (0°05) — 0-13 (0-04) 
0-40 (0°18) — 0°47 (0°22) 


*Significantly different (p<0-05) to baseline value; tsignificantly different (p<0-05) to after placebo, late; tsignificantly different 


(p<0°05)} to after placebo, early. 
FRC, functional residual capacity; TGV, thoracic gas volume. 
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Figure3 Changes in transcutaneous oxygen pressure 
(TcP o>) after acidic placebo (n= 11) and after salbutamol 
(n=8). The bold line indicates the mean value. 


salbutamol TcPo, decreased even further to 8°6 
kPa, significantly different from baseline values 
(p<0-012) and from both readings after placebo 
(p<0-018 and p<0:012). Smaller changes could 
be observed with So, (table 3), the only signifi- 
cant difference occurring between before and 
after salbutamol (p<0-012). 

Baseline lung function expressed as percen- 
tage of predicted values!® !? were normal for air- 
way resistance (95%), raised for TGV (147%) 
and decreased for Vmax FRC (48%), indicating 
a persisting small airway obstruction; therefore 
specific conductance (0°16/second/kPa) and 
VmaxFRC/TGV (0°41/second) were diminished 
(table 3). | 

After the acidic placebo airway resistance 
increased to 114% predicted (p=0°141), TGV 
decreased to 130% predicted (p<0-028), and 
specific conductance remained little changed 
(0°14/second/kPa, p=0°465). VmaxFRC de- 
creased slightly to 42% (p<0°044), but Vmax 
FRC/TGV remained unchanged (0°40/second, 
p=0-465). 

Lung function after salbutamol was not signi- 
ficantly different to baseline and after placebo 
values. 


Discussion 

In the present study on 34 infants we have con- 
firmed the clinically important observation of 
Prendiville et al, that is, that hypoxaemia occurs 
after nebulisation of salbutamol in wheezy 
infants.! This is not only a transient effect, as 


we have shown persistence of low values for 
oxygen pressure up to two hours thereafter. Our 
patients were not sedated. We also used an iso- 
osmolar solution, and although an increase 
in osmolarity during nebulisation has been 
described,* neither bronchoconstriction nor 
hypoxaemia! has been shown after physiological 
saline. Our solution did not contain preserva- 
tives also known to evoke bronchoconstric- 
tion.® ’? 

The salbutamol solution we used, however, 
was acidic. For the lung function tests we there- 
fore decided to use a placebo of equal acidity, 
which to our knowledge has not been reported 
so far. Citric acid has been nebulised to dogs 
inducing airway obstruction with two mechan- 
isms being suggested by the authors: reflex 
bronchoconstriction after a nebulisation period 
of two minutes and a mediator induced bron- 
choconstriction after nebulisation for five 
minutes.'* Swallowing an acidic solution may 
also lead to airway obstruction,'” and as in 
nebulisation a considerable amount of aerosol is 
swallowed this too has to be taken into account. 
There are also some reports that in adults bron- 
choconstriction may occur after inhalation of 
various acidic aerosols. 165 

In infants O’Callaghan et al have observed 
deterioration of specific conductance after 
nebulisation of a preservative free, iso-osmolar 
but acidic (pH 3-6) solution of ipratropium 
bromide.’ This effect was short lived—lasting 
for about 10-15 minutes. Similarly, deteriora- 
tion of airway resistance, specific conductance,* 
and Vmax FRC? has been reported after an aci- 
dic salbutamol solution. In the present study we 
could not find significant deterioration in air- 
way resistance, specific conductance or Vmax 


.FRC/TGV after placebo or salbutamol. A possi- 


ble explanation may be that we measured lung 
function between seven and 13 minutes after 
nebulisation to avoid disturbance of oxygen 
measurements, so we might have missed an ini- 
tial reaction of airway mechanics. However, we 
did notice a significant drop of TcPo, after 
nebulisation of the acidic placebo which did not 
fully recover by 20 minutes. 

From these results the question arises 
whether hypoxaemia after salbutamol could be a 
preventable side effect not related to the drug 
itself but to acidity. We did not nebulise a neut- 
ral salbutamol solution and therefore cannot 
answer this question definitively. Although sev- 
erity and duration of hypoxaemia were more 
pronounced after salbutamol than after placebo, 
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this could be explained by an additive effect of 
nebulising an acidic aerosol twice. However, in 
our first test the fall in TcPo, related well to the 
rise of heart rate which persisted for more than 
one hour after salbutamol. This could indicate 
that hypoxaemia was due to a systemic effect of 
salbutamol. Inhaled as well as intravenously 
administered salbutamol may cause ventilation- 
perfusion mismatch, which could result from an 
increase in pulmonary perfusion into relatively 
less ventilated areas." 7° Furthermore, there has 
been evidence for increased oxygen consump- 
tion after salbutamol in monkeys’ and adult 
asthmatics,’ which offers another explanation 
for the observed hypoxaemia. 

As we did not notice any significant effects of 
salbutamol on lung function, we cannot confirm 
the findings of other authors that in infants 
reduction in smooth muscle tone might render 
the airways less capable of supporting high flow 
rates during forced expiration.? 

In conclusion we believe that salbutamol does 
have a pharmacological effect causing hypox- 
aemia. What we could prove is that acidity itself 
induces hypoxaemia and may therefore enhance 
the negative effects of salbutamol. We therefore 
recommend that nebuliser solutions should be 
neutralised as far as possible and more informa- 
tion concerning the different properties of the 
aerosols be made available. 


We thank Mrs Heidi Schulenburg and Mrs Angela Meilinger for 

skilful technical assistance and the nurses from MHH Kinderkli- 

a as nn as Kinderkrankenhaus auf der Bult for taking care of 
e infants. 
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Home monitoring of transcutaneous oxygen tension 
in the early detection of hypoxaemia in infants and 


young children 


Christian F Poets, Martin P Samuels, Jane P Noyes, Kirsty A Jones, David P Southall 


Abstract 

Twenty three patients (age range 0-5—40 
months) with recurrent cyanotic episodes 
underwent physiological recordings, including 
transcutaneous oxygen tension (TcPo;) from 
a monitor modified for use at home (Kontron 
821S). Of 69 episodes in which the arterial 
oxygen saturation (Sao,, Nellcor N200) was 
<80% for =20 seconds and/or central cyano- 
sis was present, the TcPo, monitor alarmed 
(<20 mmHg or 2-67 kPa) in every episode. 
The pulse oximeter identified hypoxaemia in 
62 out of 69 episodes, failing in seven episodes 
due to signal loss from movement artefact. In 
only seven of 69 episodes was there an accom- 
panying apnoeic pause (220 seconds), and 
heart rate fell to <80 beats/minute in only five 
of 28 episodes in which an electrocardiogram 
was recorded. In 32 episodes in which Sao, 
fell to <60%, the TePo, monitor alarmed after 
a median time interval of 16 seconds (max- 
imum time interval 30 seconds). 

The TcPo, monitor was then used in an 
uncontrolled trial at home in 350 patients at 
increased risk of sudden death and/or hypo- 
xaemia. Indications for monitoring included 
apparent life threatening events or cyanotic 
episodes (n=163), prematurity and prema- 
turity related disorders (n=86), and sudden 
unexpected death in one or more sib- 
lings (n=122). 

The TcPo, monitor detected cyanotic epi- 
sodes at home in 81 patients, 52 of whom 
received vigorous stimulation and/or mouth to 
mouth resuscitation. Twenty one of these 52 
patients had further hypoxaemic episodes 
documented in hospital with pulse oximetry. 
In 30 patients, the TcPo, monitor also identi- 
fied the gradual development of hypoxaemia, 
as confirmed by pulse oximetry. Twenty of 
these needed additional inspired oxygen and 
six subsequently needed ventilatory support 
in hospital. en 

This TcPo, monitor is a reliable detector of 
both sudden and gradual onset hypoxaemia 
and is able to be used by parents in the home. 


Electronic monitors are widely used in the home 
on infants at increased risk of sudden death. 
Most monitors aim to sense an absence of brea- 
thing movements and/or a fall in heart rate. 
Unfortunately, a considerable number of 
infants have died while on such monitors.'? 
One possible explanation, based on our inves- 
tigations of cyanotic episodes, is that a pro- 
longed absence of breathing movements or a 


bradycardia is relatively infrequent or late in its 
timing compared with severe hypoxaemia.* 

Although the final pathways leading to sud- 
den infant death syndrome (SIDS) remain 
unknown, the sudden onset of severe hypox- 
aemia is one cause.* Hypoxaemia may occur not 
only as a result of a cessation in breathing move- 
ments, but also as a consequence of upper air- 
way obstruction, seizures, or intrapulmonary 
shunting.‘ 5 

Oxygenation may be monitored continuously 
and non-invasively by using either pulse 
oximetry or a transcutaneous oxygen tension 
(TcPo,) sensor. Pulse oximetry, if used cor- 
rectly, provides an accurate measure of arterial 
oxygen saturation (Sa0,)° and does not require 
heating of the skin. However, it has the major 
drawback of signal loss due to motion artefact. 
TePo; monitoring is a well validated technique 
for the detection of hypoxaemia in preterm 
infants undergoing neonatal intensive care,’ but 
the sensor is more difficult to use, and measure- 
ments of oxygenation are substantially affected 
by skin perfusion (see below). 

In this study we investigated a modified - 
TcPo, monitor in its ability to detect sudden 
onset hypoxaemia and to be used for the home 
surveillance of infants at increased risk of sud- 
den death. Three questions were addressed: (i) 
will the system detect episodes of hypoxaemia 
reliably and in time for potentially effective 
intervention; (ii) will the monitor show repro- 
ducible baseline readings; and (111) is the system 
suitable for long term use by parents in the 
home in terms of ease of application, frequency 
of false alarms, and potentially harmful side 
effects? 


Methods 

APPARATUS 
A standard neonatal TcPO, monitor was mod- 
ified (Kontron 821S) to provide (i) a constant, 
single electrode temperature of 43°C to allow a 
longer interval between sensor resiting, (ii) an 
inability to be left in a calibration, non-alarm 
mode, and (iii) toddler proof alarm controls. 
The TcPO; values were displayed in mm Hg so 
that parents did not have to use decimals. The 
sensor was calibrated in air (160 mm Hg or 
21-30 kPa) before each application. The value of 
TcPo, was continuously displayed. The high 
alarm was set 10 mm Hg (1:33 kPa) higher than 
the highest level of TcPo, found on the baby, so 
that in the event of even slight separation of the 
sensor from the skin a high alarm (approaching 
the oxygen tension of air) would sound. The low 
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- alarm was usually set to 20 mm Hg (2°67 kPa). 


The monitor was powered by long life or 
rechargeable batteries, or through a mains adap- 
tor. It was portable (76205104 mm) and 
provided with a carrying case. 


VALIDATION STUDIES 

Changes in physiological parameters during sudden 
onset hypoxaemic episodes 

Twenty three infants and young children 
(median age 5 months, range 2 weeks—40 
months) who were having recurrent cyanotic 
episodes underwent long term multichannel 
recordings of Sao, from a pulse oximeter (Neli- 
cor N200, modified to give beat to beat averag- 
ing), photoplethysmographic waveforms for the 
validation of the Sao, signal, electrocardiogra- 
phy, abdominal wall movements (Graseby 
volume expansion capsule) and TcPo, (Kon- 
tron 8215). Recordings were performed in the 
intensive care or high dependency area of the 
Royal Brompton Hospital and trained car- 
diothoracic nurses were asked to note all epi- 
sodes of clinically apparent central cyanosis. 
Analysis of the recordings included the identifi- 
cation of the number of episodes in which (i) 
Sao; fell to 80% or less for at least 20 seconds, 
and/or (ii) central cyanosis occurred. The asso- 
ciation between changes in TcPo, and other 
physiological parameters and recorded or 
observed hypoxaemic episodes was analysed. 


Response time 

Recordings which showed one or more episodes 
of severe hypoxaemia (Sao, <60% for >10 
seconds) underwent analysis to calculate the 
time interval for the TcPo; monitor to alarm 
(TcPo; <20 mm Hg or 2°67 kPa) after the Sao, 
reached 60%. A threshold of 60% Sao, was 
arbitrarily defined according to clinical experi- 
ence: cyanosis is usually present at this level if 
the haemoglobin concentration is within the 
normal range. In addition, it has been shown 
that TcPo, equals arterial oxygen tension minus 
14 mm Hg (1°87 kPa) at a sensor temperature of 
43°C,® and a Sao, of 60% approximately corres- 
ponds with an arterial oxygen tension of 35 mm 
Hg (4°67 kPa) on the oxygen dissociation curve, 
which in turn corresponds with a TcPo, of 20 
mm Hg (2°67 kPa). 


Baseline measurements, skin status, and false 
alarms 

A sample of 43 parents consecutively entered 
into the monitoring programme was asked to 
keep a record of the time and the TcPo; values 
before each resiting of the sensor and 20 
minutes after the resiting in order to assess the 
reproducibility of the baseline measurements, 
the time interval between resitings, and the 
degree with which readings changed or drifted 
during each resiting interval. They were also 
asked to keep a record of the skin status 
observed after each change of sensor site. This 
was estimated using a score, which included 
zero for no mark present, one and two for red 
marks of different intensities, and three for the 
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presence of a blister. Finally, they were asked to 
keep a record of alarms in which their baby 
appeared to be well (false positives) and the 


‘reasons for their occurrence, if evident (for 


example, the sensor lifted from the skin). 


CLINICAL TRIAL 

Patients 

Between May 1988 and November 1990, 350 
patients were referred either by their general 
practitioner (n=47), or community or hospital 
paediatrician (n=303). Their median age was 
2-6 months (range 1 day—5 years). The clinical 
indications for referral are shown in table 1. 
Over 95% of patients, according to published 
information, were considered to be at increased 
risk of sudden death or hypoxaemia. The major- 
ity (93%) had experienced one or more episodes 
of cyanosis, were born prematurely, or had one 
or more siblings who died of SIDS. In 14 of the 
remaining 25 patients the TcPo, monitor was 
used to assist parents in the use of negative ` 
pressure ventilation at home.” 

Before the onset of home monitoring, 253 
patients (72%) underwent analog tape record- 
ings of Sao, photoplethysmographic wave- 
forms, breathing movements, electrocardio- 
graphy, and airflow from either a thermistor 
(Yellow Spings Instruments) or expired carbon 
dioxide signals (Engström Eliza). Recordings 
were not performed in infants who had lost one 
sibling from SIDS. 


Protocol for the use of the monitor at home 

Parents and infants were discharged after a 
minimum of five hours’ use of the monitor in 
hospital, in 82% involving at least one overnight 
stay. All parents were given detailed verbal and 
written instruction in the use of the TcPo, 
monitor including advice on troubleshooting. 
For example, in the event of a persistent fall in 
baseline TcP0,, parents were taught the follow- 
ing sequence of checks to ascertain that this was 
not artefactual in origin. Firstly, the sensor was 


Table 1 Clinical indications for home TcP o, monitoring in 
350 patients 


No of 
patients* 

ALTE or episodes of cyanosts 163 
ALTE resolving with cardiopulmonary resuscitation 62 
ALTE resolving with vigorous stimulation 72 
Cyanotic episodes resolving spontaneously or with 

mild stimulation 18 
Cyanotic breath holding spells li 
Prematurity and prematurity related disorders 86 
Born <32 weeks’ gestation 76 
History of severe apnoea of prematurity 26 
Bronchopulmonary dysplasia: 45 

Receiving additional inspired oxygen 31 

And/or negative pressure ventilation at home ll 
SIDS in sibling(s) 122 
SIDS in one sibling 100 
SIDS in two siblings 11 
SIDS in twin/triplet l1 
Other medical diagnoses 25 
Sleep related upper airway obstruction 8 
Congenital alveolar hypoventilation syndrome 4 
Respiratory problems after cardiothoracic surgery ` 8 
Others (myopathy (n=2), parental anxiety, Joubert’s 

syndrome, SV 5 


*Some patients in more than one category. ALTE=apparent life 
threatening event, SIDS=sudden infant death syndrome, 
SVT=supraventricular tachycardia. 


678 





Figure I 


ae H SR Sa ae a 
Abdominal breathing movements | 


recalibrated in air and its site on the skin was 
changed. If the value remained low, the sensor 
was placed on the surface of the parents’ own 
forearm. If the reading on the parent was ‘nor- 
mal’ (usually >50 mm Hg or 6°67 kPa), the 
cause of the low baseline value was probably a 
low blood oxygen tension or a disturbed skin 
perfusion in the infant. In this event parents 
were asked to notify their family doctor or local 
hospital immediately. If the value remained low 
on the parent’s skin the sensor was remem- 
braned and resited first on their forearm and 
then on their baby. 

In those infants with bronchopulmonary dys- 
plasia receiving domiciliary oxygen it was 
recommended that a reduction in values of 
TcPo,, which were not_artefactual, were fol- 
lowed by an increase in the flow of inspired 
oxygen to bring the TcPo, concentration to that 
which was normal for the baby (depending on 
recommendations based on pulse oximetry). In 
this event parents were also asked to contact 
their local hospital immediately. In hospital the 
low TcPo, values were correlated with a pulse 
oximeter and if hypoxaemia was confirmed the 
causes for this were treated appropriately. 

High alarms due to partial or complete separ- 
ation of the sensor from the skin were mini- 
mised by modifications to the ‘sensor to lead 
junction’ and the use of adequate tape over the 
sensor itself and on the sensor lead. Care was 
taken not to compress the sensor onto the skin 
surface or place it over a bony surface since this 
could reduce skin blood flow and produce low 
TcPo, values. 

Parents were given instructions on how to 
manage a severe episode of hypoxaemia needing 
immediate intervention. This training was pro- 
vided by a clinical nurse specialist. Instruction 
included the use of a video, Resusci-doll (Laer- 
dal) and a purpose written handbook on infant 
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resuscitation (available on request). A 24 hour, 
seven day a week on call service was provided 
by both clinical nurse specialists and the medi- 
cal staff involved in the programme. A broken 
monitor would be replaced within 18 hours. 

Parents were thereafter seen at regular visits 
in the outpatient clinic and either at home or in 
hospital by the clinical nurse specialist who pro- 
vided advice and support. 

A decision to discontinue monitoring was 
undertaken in full collaboration with parents 
and in circumstances appropriate to the medical 
problems involved. For example, in subsequent 
siblings of victims of SIDS a post-term age of 9 
months was usually chosen (>95% of all cases of 
SIDS have occurred by this age!®). 


Results 

VALIDATION STUDIES 

TePo; changes during severe hypoxaemic episodes 
Of 23 infants with recurrent cyanotic episodes 
who underwent multichannel recordings (total 
duration of recordings 340 hours), 16 patients 
(median age 5 months, range 2 weeks-40 
months) had a total of 69 prolonged hypoxaemic 
and/or cyanotic episodes. Fifty two episo- 
des involved a desaturation on the tape record- 
ing; although cyanosis may have been present, 
it was not specifically documented by the 
nurses. In 10 episodes, cyanosis was reported by 
the nurses and confirmed by low Sao, readings 
(fig 1). In a further seven episodes with clini- 
cally apparent central cyanosis the Sao, signal 
was uninterpretable due to movement artefact 
(fig 2). All 69 episodes (100%) were associated 
with a fall in TcP0, to <20 mm Hg (2°67 kPa). 
Only seven of the 69 episodes were accom- 
panied by a pause in breathing movements of 
220 seconds. In two episodes bag and mask 
resuscitation was required to initiate recovery 
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aemic episode in a 2 year old child with recurrent cyanotic episodes. Breathing movements, although reduced in amplitude, continue 


throughout the hypoxaemic episode (from B to D). Sao; (Nellcor N200 in the beat to beat mode) starts to fall at B, and remains low for 150 seconds (to D). 


The onset of the dip in TcPo; (from A to C) occurs simultaneously with the onset of the fall in Saoz. The alarm on the TcPo2 monitor was set at 20 mm Hg 
(2:67 kPa) and would have sounded 17 seconds after the point at which the Sao, reaches 60%. Examination of the arterial pulse (photoplethysmographic) 
waveforms shows no evidence of a bradycardia. The child, who was deeply cyanosed, was resuscitated with bag and mask ventilation. (1 kPa=7°5 mm Hg. ) 
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Figure 2 Recording on an infant (aged 2 months) during an episode of cyanosis, at the time of which there is a sudden fall in TePo; lasting 90 seconds. This 
is accompanied by continuous breathing movements and a fall in heart rate to 65 beats/minute. The pulse oximeter signal is lost due to movement artefact and 
would not therefore have identified this event. (1 kPa=7'5 mm Hg.) 


(fig 1), one of these episodes was associated with 
a prolonged apnoeic pause. In 28 episodes in 10 
patients where an electrocardiogram was 
recorded, bradycardia (heart rate =80 beats/ 


minute) was present during just five episodes. - 


Response time 

Thirty seven episodes with Sao, <60% for >10 
seconds were identified to have occurred in 16 
patients. Five episodes in three patients showed 
a very slow onset of a fall in Sao, (time to reach 
60% >l minute). In all these five episodes 
TcPo, reached the 20 mm Hg (2°67 kPa) thres- 
hold up to 108 seconds before Sao; fell to 60%. 
The median response time in the remaining 32 
episodes with a fall in TcPo; after the onset of 
low Sao; readings was 16 seconds, the maximal 
time observed was 30 seconds. There was no 
consistent change in the response time with 
increasing age. 


Baseline measurements 

Forty one parents (95%) returned the question- 
naire. They had been entered into the monitor- 
ing programme between five days to four 
months before receiving the questionnaire. 
They reported a total of 988 resiting episodes in 
their infants. The median of the individual 
mean resiting intervals in these 41 patients was 
6°8 hours (interquartile range (IQR) 6°1 to 7°8 
hours). The median of the individual mean 
baseline readings was 59'9 mm Hg (7°98 kPa) 
(IQR 54-9 to 65-8 mm Hg or 7°32 to 8°77 kPa). 
There were no differences between different age 
groups. The median of the individual mean 
changes in TcPo; values over an average resit- 
ing interval of 6°8 hours was —13 mm Hg 


(—1:73 kPa) GQR —8-1 to —17-1 mm Hg or 
—1-08 to —2°28 kPa). 

In order to assess the variability of baseline 
values on any one infant, SDs were calculated 
for the individual baseline readings in each 
infant. The median of these SDs as an indicator 
for the reproducibility of the baseline readings 
was 6°9 mm Hg (0°92 kPa) (IQR 5:7 to 7-5 mm 
Hg or 0°76 to 1°00 kPa). This means that the 
average variability in two thirds of the baseline 
readings was within a range of +7 mm Hg (0°93 
kPa). 


False positive alarms 

A total of 129 false positive alarms (73 high, 56 
low) occurred in 30 of the 41 infants during a 
total monitoring period of 540 days, giving an 
average for the whole group of one false alarm 
every four days of monitoring. In the two 
patients with the highest numbers of false 
alarms (12 and 16, respectively), the monitor 
turned out to be faulty. In the remaining 


_infants high alarms were all explained by loose 


sensor contact and occurred predominantly in 
the older, more active babies. False low alarms 
were reported in 20 infants, most of them were 
associated with a drift downwards in baseline 
readings or the infant rolling over on to the 
sensor. 


Skin status 

A red mark appeared on the skin in 872 (88%) 
of the 988 sitings. In 838 (96%) of these marks 
the mark had faded completely after 48 hours. 
Thirty four marks were reported in 11 infants to 
have persisted for more than 48 hours, all but 
two were stage ] marks (slight redness). In one 
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infant one blister was reported, which occurred 
after the mother had not changed the sensor site 
for nine hours. 


CLINICAL DATA 
Duration of monitoring 
Over a 30 month period, 201 infants completed 


monitoring. In 19 patients (10%) the parents - 


decided to discontinue monitoring before medi- 
cally advised. The mean (SD) duration of 
monitoring in patients who completed the prog- 
ramme according to medical advice was 6'9 
(3°7) months. 


Detection of hypoxaemia 

Two patterns of low TcPo, readings were 
observed: acute falls in TcPo, and changes in 
baseline TcPo,. Acute falls in TcPo, associated 
with cyanosis or pallor were observed in 81 
patients (table 2). Fifty two of these patients 
had an apparent life threatening event, needing 


. vigorous stimulation (n=38) or mouth to mouth 


resuscitation (n=14) for recovery. Thirty nine 
of these 52 patients had entered the programme 
because of a previous apparent life threatening 
event or cyanotic episode, seven were preterm 
(<32 weeks’ gestational age), and five were sib- 
lings of a SIDS victim. Twenty one of the 52 
infants had a further hypoxaemic episode, con- 
firmed in hospital by pulse oximetry to be due 
to arterial desaturation. 

Seventy two patients had a persistent fall in 
the baseline concentrations of TcPo;; in 30 
patients these lower values were subsequently 
confirmed by pulse oximetry in hospital to indi- 
cate real hypoxaemia. Most of them were 
preterm infants (20/30) and 12 had bronchopul- 
monary dysplasia. Twenty five infants had a 
respiratory infection. In 20 infants (16 preterm) 
additional inspired oxygen was given, and 
in six of these further respiratory support was 
later necessary. One infant with low baseline 
readings during a bronchiolitis subsequently 
suffered an apparent life threatening event 
needing resuscitation while in hospital. 

In the remaining 42 patients with a low base- 
line TcPo; identified by parents, this was either 
proved by pulse oximetry not to represent arte- 
rial hypoxaemia (n= 13), or the infant was seen 
by the family doctor and the low readings were 
not checked against pulse oximetry (n=29). 
Intercurrent infections, usually respiratory but 
also gastrointestinal, were subsequently (within 


Table? Outcome of 350 patients undergoing home TcPo; 
monitoring 


No of 
patients 
Hypoxaemic episodes with cyanosis or pallor as 
reported by parents: 81 
Needed vigorous stimulation or mouth to mouth 
resuscitation 52 
Had further episode in hospital documented by 
pulse oximetry 21 
Baseline decreases in TcPo, proved to be 
hypoxaemia (by pulse oximetry): 30 
Had respiratory infection 25 
Needed additional inspired oxygen 20 
Needed subsequent respiratory support 6 
Discontinued monitor prematurely 19 
Sudden unexpected deaths 4 
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one to two days) or simultaneously identified in 
35 (83%) of these patients. For example, in one 
infant (a SIDS sibling) the monitor alarmed at 3 
am, reading 13 mm Hg (1:73 kPa). The values 
remained low, and the family doctor called 
could not find anything wrong with the infant 
except for a rectal temperature of 38°C. She was 
admitted to hospital for observation. Within 
one hour of admission, three hours after the ini- 
tial alarm on the monitor, the infant became 
drowsy and unresponsive. A lumbar puncture 
revealed Haemophilus influenzae meningitis. 


Deaths during monitoring programme 

Four infants have died suddenly despite the 
parents having been issued with a TcPo, moni- 
tor. The first infant referred at the beginning of 
the monitoring programme was the twin of a 
SIDS victim and lived in severely deprived 
home circumstances. Every effort was made to 
teach the parents how to use the monitor but on 
the night of her death it was connected to the 
infant in the calibration mode, which at that 
stage of the programme muted the monitor 
alarms (Kontron 820). The potential danger of 
this possibility had not been considered by us or 
the manufacturers but was then overcome by 
modifying the monitor so that this could not 
recur (Kontron 8215). 

The second infant, who had bronchopulmon- 
ary dysplasia and was receiving additional 
inspired oxygen at home, had demonstrated a 
major fall in baseline TcPo; values for two days: 
before his sudden death. His inspired oxygen 
concentration was progressively raised in an 
unsuccessful attempt to compensate for this but 
unfortunately no contact was made with the 
hospital. On the third day of this increased 
oxygen requirement he developed sudden and 
severe cyanosis while crying, progressed to pro- 
longed apnoea,* and could not be resuscitated. 
He was found to be dead on arrival at hospital. 
A postmortem examination showed broncho- 
pneumonia and bronchopulmonary dysplasia. 

A third infant with congenital myopathy died 
suddeniy at home. A postmortem examination 
showed bronchopneumonia. Unfortunately, 
without informing us, his parents had substi- 
tuted a breathing movement detector for TePo, 
monitoring because of an inability to afford the 
batteries. We now supply rechargeable batteries 
on loan to financially compromised parents. 

The fourth infant, aged 10 months, had suf- 
fered recurrent severe cyanotic episodes due to 
intrapulmonary shunting* and requiring resus- 
citation on multiple occasions at home and in 
hospital. He died suddenly while asleep but not 
on the monitor. His mother was convinced 
despite our advice to the contrary that cyanotic 
episodes only occurred when he was awake. The 
certified cause of death was apnoea of infancy. 

Additionally, two infants in the monitoring 
programme died in hospital during severe 
pneumonia. 


Discussion 
VALIDATION STUDIES 
This TcPo, monitor showed a sensitivity of 


D 
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100% in the detection of sudden severe episodes 
of hypoxaemia or cyanosis. This contrasts with 
a sensitivity of 90% for pulse oximetry, 10% for 
breathing movement monitoring, and 18% for 
electrocardiographic monitoring. TcPo, mea- 
surements respond to changes in arterial oxygen 
tension and in the delivery of oxygen to the skın 
(skin perfusion). Perhaps because of associated 
reflex changes in the latter in response to sud- 
den hypoxaemia,!! the response time of the 
TcPo, signal is relatively short. The median 
delay when compared with the pulse oximeter 
in the beat to beat mode was 16 seconds. 
As the association between Sao, and arterial 
oxygen tension is influenced by the many fac- 
tors influencing the oxygen dissociation curve, 
pulse oximetry cannot serve as a gold standard 
for the validation of oxygen tension monitoring. 
In addition, the influence of skin perfusion and 
its effects on TcPo, can be considerable. We 
are careful therefore not to imply that absolute 


values relating TcPo; to Sao, can be given. This 


TcPo, monitor has already been extensiv- 
ely validated against arterial oxygen tension 
measurements.!? ! In this study, we set out to 
investigate the response of the monitor to sud- 
den onset and rapidly developing hypoxaemia. 
As it is impractical and unethical to obtain re- 


‘peated arterial blood gas measurements sequ- 


entially during the unpredictable and rapid 
development of the hypoxaemia that occurs 
during cyanotic episodes, recordings of pulse 
oximetry, using a well validated instrument in 
beat to beat averaging mode,° !* were consi- 
dered the most objective measure of clinically 
relevant changes in oxygenation. 

Investigations performed in these patients 
and in other reported studies have shown that 
hypoxaemia is a better indicator of dangerous 
respiratory pathophysiology than is cessation of 
breathing movements or bradycardia.* } 
Severe hypoxaemia may also occur despite con- 
tinued breathing movements and airflow.!© The 
use of pulse oximetry could provide a more 
rapid response time for hypoxaemia. Unfortun- 
ately, validated pulse oximetry, although excel- 
lent for the non-invasive measurement of 
oxygenation, is not yet suitable for long term 
monitoring because of movement artefact 
(fig 2). 

TcPo, monitors measure skin oxygen, not 
arterial oxygen tension. Their mode of action 
results in a sensitive response to changes in 
peripheral circulation.' This response may be 
of value in identifying potentially dangerous 
causes of a low cardiac output (for example, car- 
diac arrhythmia), or of peripheral vasoconstric- 
tion (for example, metabolic acidaemia, hypog- 
lycaemia). Hypoxaemia may also cause periphe- 
ral vasoconstriction (through sympathetic activ- 
ity),'' which may explain why the TcPo, moni- 
tor alarmed before the pulse oximeter readings 
reached equivalently low values during the rela- 
tively slow onset of hypoxaemia. However, 
further studies are required to investigate these 
other potentially important functions of the 
monitor. 

The patients in whom our validation studies 
were performed are not representative of the 
total population of infants at risk of sudden 


death in that many were suffering recurrent 
cyanotic episodes. Regardless of the primary 
cause of the pathways leading to death, 
however, it was our contention that TcPo, 
would fall early in suddent infant death at home 
because of arterial hypoxaemia, reduced skin 
perfusion (reduced cardiac output or peripheral 
vasoconstriction), or both. Because life 
threatening episodes are rare, even in epide- 
miologically defined high risk. groups, we consi- 
dered it was most practical to validate our TcPo, 
monitor in infants with recurrent cyanotic 
episodes. 

The variability of the baseline measurements 
recorded in the questionnaires was considered 
small enough for parents to become aware of the 
normal range of oxygen tension values in their 
baby. There was, however, a downward drift in 
some patients. This drift usually began after 
four hours and has been previously reported by 
others, using the same electrode over a period of 
six hours.!’ 

The high rate of false alarms with conventio- 
nal home monitoring may lead to severe dis- 
turbances in family life.!? Weese-Mayer et al 
identified false alarms from cardiorespiratory 
monitors with an average frequency of six per 
day.'!? In our study, including parents with dif- 
ferent levels of technical experience with the 
monitor and different social backgrounds, false 
alarms occurred with an average frequency of 
one every four days of monitoring. 

The temporary redness of the skin resulting 
from the heated sensor is undesirable. How- 
ever, skin injury, is minimised by strictly 
advising the parents to avoid resiting intervals 
of more than eight hours with more rapid resit- 
ing during fevers or after recent exposure to 
sunlight. Nevertheless, we are concerned about 
this skin effect and are investigating alternative 
ways of overcoming this problem. 


CLINICAL DATA 
The patients entered into this TcPo, monitor- 
ing programme had heterogeneous probiems. 
However, the majority (93%) came from one of 
the three well recognised risk groups for sudden 
infant death (table 1). Nevertheless, it has been 
questioned whether the subsequent siblings of 
SIDS victims should be monitored.?° However, 
in two recent large population based studies the 
SIDS incidence in this group was four and six 
times higher than in the normal population.?! 2? 
In the latter study, the overall postneonatal 
mortality rate in the SIDS siblings was 20°8 per 
1000.77 . 

The TcPo, monitor identified two kinds of 
hypoxaemia: sudden onset, short lived episodes 
and longer term, more gradual changes in 
baseline oxygenation. Acute, apparently life 
threatening episodes of hypoxaemia were pre- 
dominantly found in infants referred because of 
a previous apparent life threatening event. In 
73% of occasions the monitor appeared to iden- 
tify sudden episodes in time to effectively resus- 
citate the infant by stimulation alone without 
the need for mouth to mouth or bag and face- 
mask ventilation (required in the remaining 
27%). 
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Detection of changes in baseline TcPo, was 
particularly valuable in preterm patients; parti- 
cularly in those with bronchopulmonary dyspla- 
sia recelving additional inspired oxygen. Our 
experience is thus similar to that of Lafeber et al 
who found that TcPo, monitoring was more 
sensitive than pulse oximetry to changes in 
oxygenation in infants with bronchopulmonary 
dysplasia.” Such baseline changes often accom- 
panied intercurrent respiratory infections and 
frequently preceded the clinical symptoms and 
signs apparent to parents. Because of the prop- 
ensity of airway hypoxia, hypoxaemia, and aci- 
daemia (from tissue hypoxia) to induce pulmon- 
ary hypertension, the early detection of baseline 
hypoxaemia may avert rapid, life threatening 
falls in arterial oxygen tension due, for example, 
to sudden intrapulmonary right to left shunts.* 
The fact that 20 of 30 infants with baseline falls 
in TcPo, confirmed to represent arterial hypox- 
aemia by pulse oximetry in hospital, needed 
additional inspired oxygen, and six subse- 
quently needed ventilatory support, supports 
the idea that the early detection of hypoxaemia 
may prevent progression to life threatening 
events in the home; particularly in those infants 
with bronchopulmonary dysplasia. 

The detection of baseline falls in TcPo, 
shown by pulse oximetry not to represent hypo- 
xaemia and presumably therefore indicating 
changes in skin perfusion still deserves further 
investigation. As shown in the infant with 
meningitis, but also during gastrointestinal and 
respiratory infections, it appears that these low 
readings are a sensitive and early indicator of 
infection, probably due to peripheral vasocon- 
striction associated with the infection. We 
advise our parents to have their baby checked 
by their family doctor or local hospital if the low 


. readings on their baby appear to be real (that is, 


the monitor shows normal readings on the 
parent). 

Our data concerning clinical experiences with 
the monitor at home are limited in their poten- 
tial accuracy by the lack of medical or nursing 
experience of most parents. In 26% of patients 
the occurrence of further proved hypoxaemic 
episodes in hospital validated parental observa- 
tion. To date these can represent the only 
definitive events detected by the monitor. We 
are now, however, beginning to combine the 
TcPo, monitor with an event recorder. This 
device senses electrocardiogram, breathing 
movements, and Sa0,, and stores these data 
together with the TcPo, values onto computer 
disks before and during a low alarm on the 
TcPo, monitor. Thus recorded physiological 
data during apparent life threatening episodes at 
home will become available. 

This is the first time that a monitor which has 
been used at home has been validated on infants 
in hospital with observed and documented epi- 
sodes of severe hypoxaemia. Nevertheless there 
remains, at present, no proof that this monitor 
is superior to other monitoring devices in the 
prevention of SIDS. Moreover, as with all the 
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other existing home monitors, the data on clini- 
cal experience of the parents with this monitor 
at home are uncontrolled and anecdotal. There 
is absolutely no evidence as yet that this device 
will effectively reduce the incidence of sudden 
infant death. 
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Children with uncontrolled seizure 
can gain control of their lives 


response. Some have become 
on the lives of children with epilepsy. seizure free.” 


Sabril can have a dramatic effect 


Sabril is generally well tolerated 
and can be administered 
conveniently in either single or 
divided daily doses. 


Almost 50% of children with 


uncontrolled epilepsy who have had 
Sabril added to their existing therapy 


? have shown a good to excellent 
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Abridged Prescribing Information 
SABRILV Tablets 
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Indications: Treatment of epilepsy not controlled by other antiepileptic drugs. 

Dosage and Administration: Oral administration once or twice daily added to the patient's current therapeutic regimen. 

Adults: Recommended starting dose 2g/day. increased or decreased in 0.5g or 1.0g increments depending upon clinical response and tolerability. Maximum 
4g/day.There is no direct correlation between plasma concentration and efficacy. 

Children: Recommended starting dose 1g/day in ages 3-9 years and 2q/day if older. 

Elderly: Consider dose reduction in patients with impaired renal function. 
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Use in pregnancy and lactation: Contra-indicated. 
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Warnings: Vigabatrin causes intramyelinic oedema in the brain white matter tracts of animals but there is no evidence of this in man. However, monitor patients for 
neurolagical changes. See the full product data sheet. 

Effects on driving ability: Drowsiness has been seen and patients should be warned. 

Side effects: Are mainly CNS related. Aggression and psychosis have been reported and a previous history of psychosis or a behavioural problem appears to be a 
predisposing factor. Other reported events: drowsiness and fatigue, dizziness, nervousness, irritability, depression, headache and less commonly confusion, memory 
disturbance and vision complaints; also weight gain and minor gastrointestinal side-effects. Also in children excitation and agitation.Some patients may experience an 
increase in seizure frequency. with vigabatrin, particularly those with myoclonic seizures.Tests have not revealed evidence of neurotoxicity in humans.Lab data do not 
indicate renal or hepatic toxicity. Decreases in SGOT and SGPT have been observed. Chronic treatment may lead to a slight decrease in haemoglobin. 

Drug interactions: Are unlikely. A gradual reduction of about 20% in plasma phenytoin concentration has been observed. No clinically significant interactions with 
carbamazepine, phenobarbitone or sodium valproate. 

Legal Category: POM 

Package Quantities: Blister strips of 10 in cartons of 100. 
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er Paediatric resuscitation chart A child "S dying: what do JOu do: 
nterna 

nn mo vo veo | Resuscitating children is different from 
resuscitating adults—and more difficult. Because 
7a cardiorespiratory arrest in children is uncommon 
each doctor’s experience of handling it is limited, 
and there is a tendency to forget the recommended 
BETEN : drug doses; also, because children come in so 
| 45 | 8mons many different sizes it is hard to judge the correct 


Age (years) 


9months 


| Simone dose, especially if you do not know the child’s 
i EN weight. Yet delay or inaccuracy in treatment might 
ica be fatal. The Paediatric Resuscitation Chart, 
devised by Dr Peter Oakley and based on the 
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Ca e EE guidelines of the Resuscitation Council (UK), 
Bicarbonate (ml of 4%) 5 gives you at a glance the essential information for 
making rapid and accurate decisions. The chart is 
are available as an A2 size poster or a pocket sized 
Diazepam (mg) intravenous . . g 
pero 2 postcard. 
Glucose {mi of 50%} 
intravenous 
x Poster: UK £3.50; Abroad £4.50 including packing 
intravenous or andotracheal æ 
and postage, by air abroad. 
Salbutamol (yg) 25 ; i : é 
Single copies of a postcard version of the chart are available, free of 


charge, on receipt of an A5 stamped addressed envelope 

(16cm x 24cm; 6in x 9in). Bulk orders please write to the Book 
Department. | 
Credit cards are accepted: ACCESS, VISA, AMERICAN EXPRESS 
(please give full details) 
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Changes in periurethral microflora after 


antimicrobial drugs 


K-] Lidefelt, I Bollgren, C E Nord 


Abstract 

The periurethral flora was examined in 18 
girls by use of a quantitative sampling method 
before, during, and three weeks after treat- 
ment with antibiotics for upper respiratory 
tract infections. Eight girls received amoxicil- 
lin. In five of them the anaerobic flora showed 
a reduction in total counts and in numbers of 
different species, and all eight girls got a 
heavy colonisation with enterobacteria during 
treatment. Three weeks after treatment the 
anaerobic and aerobic flora had reversed to 
the pretreatment composition. In 10 girls 
treated with trimethoprim-sulphamethoxazole 
the anaerobic flora remained unaffected and 
no enterobacterial overgrowth was registered 
during the study period. We propose that anti- 
biotics could be one among several factors 
involved in the pathogenesis of urinary tract 
infection, by suppression of the anaerobic 
microflora and promotion of the colonisation 
with enterobacteria. 


The perturethral microflora in healthy females 
is dominated by anaerobic bacteria with only 
scanty growth of aerobic Gram negative rods.! ? 
In females prone to recurrent urinary tract 
infections, the periurethral region is often colo- 
nised with uropathogens, even during infection 
free intervals.”* A disturbed anaerobic micro- 
flora is also found.” The normal flora on various 
body surfaces provides a natural defence against 
colonisations with new potentially pathogenic 
bacteria, that is, ‘colonisation resistance’.°* 
Antibiotics may disturb the colonisation resist- 
ance and thereby facilitate the development of 
infections. 

The present study is part of a project investi- 
gating factors involved in the pathogenesis of 
urinary tract infection, and examines the effects 
of antibiotics on the periurethral microflora in 
girls treated for upper respiratory tract infec- 
tions and with no history of urinary tract infec- 
tion. The aims were to investigate the effects on 
the predominant anaerobic flora and the con- 
comitant effects on colonisation with Gram 
negative aerobic bacteria. 


Subjects and methods 

SUBJECTS 

Eighteen prepubertal girls (aged 3-13 years, 
median 4 years) were included in the study. 
They all attended the emergency ward for otitis 
media and upper respiratory tract infections, 
requiring antibiotic treatment. None had a 


history of urinary tract infection or had been 
treated with antibiotics during the three month 
period before entering the study. Informed 
parental consent were given in all cases. 


STUDY DESIGN 

Ten girls were treated with trimethoprim- 
sulphamethoxazole (6 mg trimethoprim and 40 
mg sulphamethoxazole/kg/day) and eight girls 
with amoxicillin (50 mg/kg/day) orally for 
five to seven days. Sampling of periurethral bac- 
teria was performed immediately before treat- 
ment, on the last day of medication, and three 
weeks after termination of the antibiotic course. 


METHODS 

The aerobic and anaerobic periurethral flora 
were examined by a quantitative sampling 
method.’ A 5 ml plastic syringe filled with ster- 
ile 12% gelatin (Difco), was cut at the needle 
end of the syringe and the gelatin part was 
pressed against the urethral orfice. A 2 mm slice 
of gelatin with the bacteria bearing surface 
(about 1 cm?) was cut off and dissolved in 1-8 ml 
prereduced anaerobic buffer solution. All 
samples were transported to the laboratory in 
an anaerobic jar (GasPac System, Becton and 
Dickinson), and further handled within 60 
minutes after collection. 

To cultivate the aerobic and anaerobic flora 
the gelatin was dissolved and serial dilutions (1/ 
10, 1/100, 1/1000) were made. Portions (0-1 ml) 
of the gelatin sample and from each dilution 
step were spread onto blood agar plates and 
incubated in an anaerobic jar at 37°C for five 
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Figure l The periurethral anaerobic microflora in eight 
girls before, during, and three weeks after treatment with 
amoxicillin (O=growth of =&2 species). 
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days. A parallel cultivation for estimation of 
aerobic bacteria was performed on cysteine- 
lactose-electrolyte deficient and hematin agar 
plates incubated aerobically at 37°C for 18 
hours. 

To quantitate and identify the micro- 
organisms total counts and counts of different 
organisms based on colony morphology were 
registered. The three predominant colony types 


_ growing on the anaerobic media were selected 
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and one colony from each of them was isolated 
and incubated anaerobically and aerobically to 
test air tolerance. Further identification of each 
anaerobic isolate was performed by Gram stain- 
ing, gas-liquid chromatography, and biochemi- 
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Figure 2 Gram staining properties of anaerobic bacteria in 
periurethral samples obtained before, during, and three weeks 
after treatment with amoxicillin. 
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Figure 3 The aerobic, Gram negative periurethral flora before, during, and three weeks 
after treatment with amoxicillin and trimethoprim-sulphamethoxazole (TMP-SMZ). 
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cal tests.” Total aerobic bacterial counts were 
estimated and all isolates were Gram stained and 
identified by standard laboratory procedures. !° 

The study was approved by the ethics com- 
mittee, Södersjukhuset, Stockholm. 


Results 

TREATMENT WITH AMOXICILLIN 
Total counts of periurethral anaerobic bacteria/ € 
cm? in samples obtained before, during, and 
three weeks after treatment with amoxicillin is 
shown in fig 1. Before treatment all eight girls 
showed total bacterial counts ranging between 
104-10’ colony forming units (cfu)/cm*. Five to 
seven different types of micro-organisms were 
registered in each sample. During antibiotic 
treatment total bacterial counts were reduced 
>3 log cycles in five of eight girls. In these five 
girls, a reduced number of colony types was also 
found. In three samples only two different spe- 
cies were recovered, and in the remaining two 
no anaerobes could be isolated. However, the 
proportions of different types of micro- 
organisms remained unaffected when grouped 
according to Gram staining properties (fig 2). 
Three weeks after treatment, total counts and 
numbers of different micro-organisms were 
similar to that before start of treatment (fig 1). 
Colonisation with enterobacteria during amox- 
icillin treatment is shown in fig 3. Before treat- 
ment two of eight girls harboured moderate. 
numbers of enterobacteria. During treatment a 
dense growth with enterobacteria was registered 


. in all eight girls (six Escherichia coli strains and 


two klebsiella strains). Three weeks after termi-° 
nation of treatment no enterobacteria could be 
recovered from any of the eight girls. 


TREATMENT WITH TRIMETHOPRIM- 
SULPHAMETHOXAZOLE 

In the group treated with trimethoprim- 
sulphamethoxazole total counts of anaerobic 
bacteria before treatment ranged between 10*— 
10’ cfuw/cm? (fig 4). During and after treatment 
no major changes were registered in total bac- 
terial counts or numbers of different micro- 
organisms. All 10 girls were free from aerobic 
enterobacterial colonisation throughout the 
study period (fig 3). 
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Figure4 The periurethral anaerobic microflora in 10 girls 
before, during, and three weeks after treatment with ` 
trimethoprim-sulphamethoxazole. 


an 


Changes in periurethral microflora after antimicrobial drugs 


Discussion 

The present study showed that treatment with 
amoxicillin reduced the normal periurethral 
anaerobic flora and promoted colonisation 
with Gram negative enterobacteria, whereas 
trimethoprim-sulphamethoxazole did not influ- 
ence the normal periurethral flora. Colonisation 
of the periurethral region is a first step in 
ascending urinary tract infection.” * The basic 
defect responsible for this lowered colonisation 
resistance against uropathogens is still un- 
known. Among host factors an abnormal 
anaerobic microflora may be involved, and con- 
sequently, antibiotics might interact in the 
development of urinary tract infection by sup- 
pression of the normal microflora. Clinical sup- 
port for this hypothesis is the finding that chil- 
dren with pyelonephritis had been treated with 
antibiotics for respiratory tract infections before 
onset of urinary tract infection significantly 
more often than a control group.'! 

There are only few previous studies reporting 
on the effect of antibiotics on the periurethral 
flora. In monkeys local flushing with amoxicil- 
lin facilitated colonisation with uropathogenic E 
coli originating from the intestinal flora.!? 1 
Two different studies on women treated with 
amoxicillin for urinary tract infection showed 
periurethral colonisation with resistant entero- 
bacteria and suppression of the indigenous lac- 
tobacillus population, respectively.!* 15 

The present study shows a heavy colonisation 
with enterobacteria coinciding with a suppres- 
sed anaerobic periurethral flora during amox- 
icillin treatment, agreeing well with these pre- 
vious studies. Our findings are also consistent 
with studies of other microbiotas where eradica- 
tion of the normal floras by antibiotics was 
rapidly followed by overgrowth -with potential 


pathogens.'*!? We have recently shown that 


anaerobic periurethral bacteria in healthy girls 
were highly susceptible in vitro to several 
commonly used antibiotics, including ampicil- 
lin, whereas a majority of strains were relatively 
resistant to trimethoprim-sulphamethoxazole.”° 
Our in vivo data, with reduction of the anaero- 
bic flora during amoxicillin treatment and an 
unaffected microflora during trimethoprim- 
sulphamethoxazole treatment, accord well with 
these previous in vitro data. Apparently, the 
impact on the anaerobic flora varies with diff- 


erent antibiotics. 
This study thus supports the concept that a 


disturbed periurethral anaerobic microflora is - 


associated with a pathological colonisation with 
enterobacteria, which may be a factor of import- 
ance in pathogenesis of urinary tract infection. 
However, it is still a matter of question what 
part preceding treatment with antibiotics plays 
for the emergence of urinary tract infection, as 
the disturbances of the periurethral flora caused 
by antibiotics in this study differ from findings 
in individuals prone to urinary tract infection in 
certain important respects. The periurethral 
flora rapidly became normal in these healthy 
girls after withdrawal of antibiotic treatment, 
indicating a basic inherent stability of the 
periurethral ecosystem. In individuals prone to 
urinary tract infection on the other hand a more 
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persistent pathological colonisation is present, 
eventually leading to an ascending infection. In 
our healthy individuals there was a reduction in 
total counts of anaerobic bacteria, but the pro- 
portion of different types of micro-organisms 
did not change during antibiotic treatment. 
This contrasts with previous studies on girls 
prone to urinary tract infection, which showed a 
disturbed composition of the anaerobic flora.* 
The basic defect explaining the persistent 
enterobacterial periurethral colonisation in 
females prone to urinary tract infection thus 
remains unknown. 

Hypothetically, in a population with a 
lowered resistance against urinary tract infec- 
tion, the adverse effect of antibiotics on the 
periurethral flora could be a triggering factor in 
the development of ascending urinary tract 
infection. 


We wish to thank Ms Ann Lindmark for skilful laboratory assist- 
ance and the staff of the emergency ward for valuable help. This 
study was supported by the Swedish Medical Research Council, 
Grant No 19X765, the Swedish Society of Medicine and the 
Samariten Foundation. 
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Evaluation of a pen injector system for growth 


hormone treatment 


Peter D Gluckman, Wayne S Cutfield 


Abstract 

The increasing use of human growth hormone 
(hGH) treatment has resulted in the introduc- 
tion of a number of alternative delivery sys- 
tems to conventional syringe and needle admi- 
nistration. We examined patients’ evaluation 
of a new delivery system, the Kabipen (Kabi- 
Vitrum). We also assessed the accuracy of 
hGH delivery by the Kabipen. Of the 77 sur- 
vey respondents 13 had used only the Kabi- 
pen, 14 the syringe only, and 50 had used both 
systems. Altogether 46 (92%) of those who 
had used both systems preferred the Kabipen. 


Children over 10 years were more likely to self ` 


administer hGH with the Kabipen (64%) than 
syringe (25%). Patient instructions, conveni- 
ence of use, and comfort of use were rated 
better for the Kabipen than syringe. With a 
dose setting of 2 units the Kabipen delivered a 
mean (SD) of 1-997 (0-073) units with 102-5% 
recovery from a unit cartridge. In summary 
the Kabipen is an accurate device clearly pre- 
ferred by the majority of hGH recipients sur- 
veyed. 


Clinicians prescribing human growth hormone 
(hGH) are aware of the problems that limit the 
acceptance of this form of treatment by many 
families. Recent studies have unequivocally 
shown the value of daily rather than traditional 
injections three times a week.’ ? With the rapid 
increase in utilisation of hGH as a result of its 
wider availability alternative delivery systems 
have been developed to facilitate ease of ad- 
ministration. 

The traditional form of hGH formulation has 
been a single dose vial, which had to be recon- 
stituted with diluent for each injection. More 
recently multiple dose vials have been develo- 
ped in which several doses can be drawn into 
syringes from a single reconstituted vial. Most 
recently a device originally developed for 
insulin administration, the pocket injector pen,” 
has been applied to hGH treatment. Although 
some hGH injector pens still require reconsti- 
tution of the powdered formulation in vials and 
transfer to the injector unit, others utilise speci- 
fic vials for the injector device and thus mini- 
mise patient involvement and error in preparing 
the formulation. New Zealand was the first 
country to licence a pen for hGH treatment and 
the purpose of this paper is to review our experi- 
ence. We report on the results of a blinded 
questionnaire of patients and their families 
which compared the injector pen with conven- 
tional syringe administration. We also report on 


the accuracy and economy of the injector pen 
relative to earlier formulations. 


Methods 

At the time of this survey, all patients received 
one of three formulations (Genotropin, Kabi- 
Vitrum, Stockholm) of recombinant hGH: 4 
unit single dose vials, 12 unit multiple dose 
vials, or the Kabipen (KabiVitrum) system. 
The latter consists of an injector pen into which 
is inserted a 16 unit cartridge of recombinant 
hGH. The powdered hormone and diluent 
within the cartridge are in separate compart- 
ments. Automatic mixing occurs with insertion 
of the cartridge into the pen which is then avail- 
able for multiple and variable (0-5-4 units) dose 
selection over several days without further pre- 
paration. The pen was licenced in New Zealand 
in June 1989. 

. The survey evaluating modes of hGH treat- 
ment was conducted in April 1990. Of the 105 
children on the hGH treatment register, ques- 
tionnaires were sent to 96 with current ad- 
dresses. 

Anonymous questionnaires were completed 
by the parent in conjunction with the subject 
receiving hGH. The questionnaire complied 
with the guidelines of the human subjects 
research ethical committee of the University of 
Auckiand. 

The questionnaire evaluated the respondent’s 
perception of: the benefits of the injector pen 
compared with conventional syringe based hGH 
treatment, the adequacy of patient/family in- 
struction on use of hGH administration, satis- 
faction regarding information provided on the 
growth disorder, and on the response to treat- 
ment. 

Subject preference with explanation was 
requested of those who had used both systems. 
Subjects were asked to rate the quality of 
instructions provided, the convenience of use, 
and the comfort of use for each type of delivery 
system they had used. The subject was also 
asked to comment on whether the system could 
be improved and to detail technical or practical 
problems with the device. Qualitative scales 
were also used to rate satisfaction with the clini- 
cal service provided. 

Both of the authors randomly and indepen- 
dently evaluated the accuracy of the hormone 
delivery systems. A random selection of pens 
was used to deliver eight doses of 2 units each 
into preweighed vials. The needle was replaced 
after each dose. The manufacturer’s instruc- 
tions for priming and delivery were followed 
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exactly. By weighing the vial before and after 
priming and at the end of the delivery of the 
eighth dose the actual delivery from a 16 unit 
vial was assessed. Similarly the accuracy and 
recovery from 12 unit vials was carefully asses- 
sed by the authors using 1 mi B-D plastipak 
syringes (Becton-Dickinson) with microfine III 
needles. The syringe and needle were replaced 
after every second dose. 


DATA ANALYSIS 

Statistical analysis was by non-parametric tech- 
niques as the ratings used a ordinal not interval 
scale. The Mann-Whitney test was used for two 
sample comparison, the Kruskal-Wallis test for 
oneway analysis of variance, and the Wilcoxon 
matched pair signed rank test for paired data; x? 
analysis was used for frequency distribution 
analysis. 


Results 

Of 80 returned questionnaires three were exclu- 
ded from the analysis: one had discontinued 
treatment, one had yet to start, and one return 
was incomplete. The analysis is based on a 83% 
response rate. 

Fifty respondents had used both the syringe 
and injector pen system. Fourteen had used 
only a syringe system and of these nine were 
currently using a multiple dose vial and five 
were using the 4 unit vial. Thirteen had used 
only the injector pen—the latter were those most 
recently placed on hGH treatment. 

The hormone was self administered in 35 
subjects and by a parent for the remaining sub- 
jects except for one infant where the hormone 
was administered by a visiting nurse. When the 
analysis was restricted to children 10 years or 
older, self administration was far more likely 
using the injector pen (64%) than the syringe 
(25%, p<0°04) (table 1). 

The most useful sources of patient education 
with regard to hGH administration were clearly 
the clinic nurse and/or videotaped administra- 
tion demonstration (67% of respondents). Other 
health professionals (9%), pharmaceutical rep- 
resentatives (8%), doctors (7%), and written 
material (4%) played only a minor role. 

There were appreciable differences when 
patient evaluation of the injector pen and 
syringe delivery systems were compared (table 
2). Of the 50 respondents who had used both 
delivery systems, 92% indicated a preference for 
the injector pen. The quality of instructions 
(p<0-01), the convenience of use (p<0°01), and 
the comfort of use (p<0'01) were rated signifi- 
cantly better for the injector pen than for the 
syringe systems (table 2). When the small 


Table 1 Administration of hGH 


Total study (n=77) Subjects 210 years 
(n=55)* 
Pen users Syringe Pen users Syringe 
users users 
Subject 31 4 30 2 
Care giver 32 10 17 6 





*p<0-05 by x? test. 
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Table 2 Comparison of both systems by respondents who 
used both (mean score,* n=50) 


Pen Syringe p Value} 
Quality of instructions 1°5 2°3 <0°01 
Convenience of use 1-3 3°3 <0°01 
Comfort of use 2:2 3-5 <0-01 


*A 1-5 rating system was used with 1 indicating the most 
favourable response. 
{Mann-Whitney test. 


Table 3 Accuracy of 2 unit delivery 
Kabipen Genotropin* 


{n=35)} 12 unit vial 
(n=18)f 
Mean (SD) (units) 1-997 (0-073) 2-000 (0-067) 
Coefficient of variation (%) 3-35 3°33 
Experimental range (units) 1-87-2°08 182-206 


*Delivered by B-D plastipak 1 mi syringe and microfine HI 
needle. 
+Number of doses weighed. 


number of respondents who had used only the 
pen (n=13) or syringe (n=14) were compared, 
there were no differences in patient evaluation. 

Of the 63 injector pen users, 13 had minor 
problems in the initial month of use solved by 
further training. Eleven pens were replaced 
because of mechanical problems; however of 
these nine were from the first production batch 
and occurred in the first months after licensing. 
Subsequently mechanical problems have not 
been encountered. Only two subjects had 
switched back to a syringe system, both because 
they found the pen heavy to use and had been 
on a syringe system for some years previously. 

The injector pen and syringe systems are of 
comparable accuracy with the coefficient of 
variation for the delivery of a 2 unit dose being 
3:5% and 3:3% respectively (table 3). The reco- 
vered hormone from a vial averaged 102:5% in 
the pen system and 100% for the 12 unit vial 
system. 


Discussion 

Relatively little consideration has been given to 
the patient perspective for hGH treatment. His- 
torically this reflects the fact that until recently 
restrictions on hGH supply and the generally 
non-commercial origin of the hormone meant 
that there was little motivation to consider these 
apsects. However the use of hGH has increased 
considerably after the introduction in 1985 of 
commercially produced recombinant hGH.*® 
The range of indications continues to broaden 
and it is now generally accepted that daily injec- 
tions are the minimum frequency for an optimal 
growth response.” It is now evident that hGH 
should be prescribed in relation to body size 
rather than as the traditional fixed dose regimen 
of 4 units three times a week.!® !! Conse- 
quently, the need for administration systems 
that allow for individualised daily dose sched- 
ules has become important to avoid wastage 
from either excessive hormone administration 
or incomplete vial usage. The multiple dose vial 
systems achieve that purpose, but do not greatly 
alter the convenience for the patient or care 
giver, except for the reduced frequency of vial 
preparation. 
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The child on hGH treatment is faced with 
daily injections for a number of years. Given the 
need to maintain sterility and for appropriate 
storage of the hormone and diluent vials, there 
are a number of practical inconveniences as- 
sociated with classical formulations of hGH. 
These are perceived by many families as intru- 
sive on their life styles. In addition the problems 
arising from the use of syringes and needles 
appear somewhat complex to families—this is 
seen in the present study among children 10 
years or older who’ are far more likely to self 
administer hGH by Kabipen than syringe 
(table 1). 

Little consideration has been previously 
given to the patient’s attitudes in the choice of 
hGH delivery systems. We assessed in blind 
fashion the responses of 50 families who had 
experienced a syringe system before use of the 
injector pen. Most (92%) preferred the injector 
pen primarily because of the greater conveni- 
ence. This included the considerably less time 
needed each day for hormone administration, 
the less complex preparation, the greater free- 
dom to travel with less equipment, and a greater 
“sense of independence’. These advantages were 
reflected in the increased frequency of self 
administration among pen users. Such auto- 
nomy facilitates the adaptation of the child to 
his/her treatment programme. Several families 
also expressed the concern that syringes and 
needies stored in the house could be taken and 
used for illicit drug use. The pen was also consi- 
dered to be significantly more comfortable to 
use, although only a few (8%) gave this 
increased comfort as the primary reason for pre- 
ferring the pen. 

The reasons given by the small subgroup 
(8%) of subjects who preferred the syringe sys- 
tem principally included dissatisfaction regard- 
ing pen administration instruction and lack of 
information on and/or disappointment with 
growth progress. These concerns appear to be a 
reflection of inadequate information rather than 
any technical benefits that the syringe system 
had to the injector pen. 

Very similar scores were given for the injector 
pen by those who had only used the injector pen 
and those who had used both systems. How- 
ever, those who had used only the syringe sys- 
tems tended to rate the syringe based systems 
better than those who had experience of both, 
reflecting that this was a group of older and 
longer treated patients, who had generally been 
reluctant to change systems and were generally 
satisfied with their management. 

No difference in accuracy or recovery was 
observed between the two systems. However, 
the handling of the vial is minimal for the injec- 
tor pen system assessed in this study. In con- 
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trast the handling of any syringe system will 
involve greater risk of error and of hormone 
loss or contamination. However, it should be 
noted that not all injector pen systems are 
equivalent. At least two other systems are 
marketed which require extensive handling of 
the hormone by the patient as the vial is not pre- 
loaded. As accuracy of dose delivery, hormone 
recovery, and cost are all equivalent in the sys- 
tems we evaluated then the major consideration 
in the choice of a delivery system must be 
patient comfort. The present study clearly 
demonstrates patient preference for the injector 
pen delivery system. 

The survey also clearly shows that the most 
successful way to educate patients and their 
families is to use a clinic nurse educator and/or a 
videotape. 

In summary the Kabipen is an injector 
device that accurately delivers the dose set with- 
out any wastage from a 16 unit cartridge. When 
compared with syringe administration the 
Kabipen was clearly preferred by the majority 
of patients and was more likely to result in self 
administration in older children. 


This work was funded in part by the Medical Research Council of 
New Zealand. We thank Ms Karen Tailuga and Vanessa Cox for 
their assistance. 
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Growth hormone treatment of growth failure 
secondary to total body irradiation and bone 


marrow transplantation 


A Papadimitriou, M Uruena, G Hamill, R Stanhope, A D Leiper 


Abstract 

Growth hormone was given to 13 children 
(nine boys, four girls) with acute leukaemia 
who had undergone treatment with cyclophos- 
phamide and total body irradiation before 
bone marrow transplantation. Mean age at 
total body irradiation and bone marrow trans- 
plantation was 9-0 years (range 3-7-15-8). 
Endocrinological investigation was carried 
out at a mean of 2-0 years (range 0-4-4-0) after 


bone marrow transplantation. Peak serum 


growth hormone responses to hypoglycaemia 
were <10-0 ug/l (<20-0 mU/l) in 10, 10-5 ug/l 
(21-0 mÜ/l) in one, >16-0 ug/l (>32-0 mU/) in 
two patients. Mean age of the patients at the 
start of growth hormone treatment was 12-2 
years (range 5-8-18-2). The mean time 
between total body irradiation and bone 
marrow transplantation and the start of 
growth hormone treatment was 3-2 years 
(range, 1-1-5-0). Height velocity SD score 
(SD) increased from a mean pretreatment 
value of —1-27 (0-65) to + 0-22 (0-81) in the 
first year, +0-16 (1-11) in the second year, and 
+0-42 (0-71) in the third year of treatment. 
Height SD score (SD) changed: only slightly 
from —1-52 (0-42) to —1-50 (0-47) in the first 
year, to —1-50 (0-46) in the second year, and 
—1-74 (0-92) in the third year. Measurement 
of segmental proportions showed no signifi- 
cant increase in subischial leg length from 
—0-87 (0-67) to —0-63 (0-65) in the first year, 
to —0-58 (0-70) in the second year, and — 0-80 
(1-14) in the third year of treatment. 

Our data indicate that children who have 
undergone total body irradiation and bone 
marrow transplantation respond to treatment 
with growth hormone in either of two dose 
regimens, with an increase in height velocity 
that is adequate to restore a normal growth 
rate but not to ‘catch up’, and that total body 
irradiation impairs not only spinal but also leg 
growth, possibly by a direct effect of irradia- 
tion on the epiphyses and soft tissues. 


The introduction of high dose chemotherapy 
and radiotherapy with bone marrow transplan- 
tation to the armamentarium of treatments 
against malignant disease has made cure poss- 
ible for a substantial number of children who 
would, hitherto, not have survived.! The high 
dose chemotherapy and total body irradiation 
that are used for conditioning such patients 
before bone marrow transplantation do, 
however, cause considerable morbidity; cataract 
formation,’ gonadal failure, hypothyroidism, 
and growth failure have all been reported.” ? It 


has been suggested that total body irradiation 
impairs spinal growth,” and causes growth hor- 
mone insufficiency.” ? We have reported a 59% 
incidence of growth hormone insufficiency in 
children after bone marrow transplantation, 
some of whom had received cranial irradiation.” 
A high incidence of growth hormone insuffi- 
ciency in children treated with total body irra- 
diation has also been reported by Sanders et al.” 

Children who have growth hormone insuffi- 
ciency as a result of either cranial or craniospi- 
nal irradiation have an initial ‘catch up’ phase of 
growth in response to treatment with growth 
hormone, although it is less pronounced than 
that of children with idiopathic growth hor- 
mone deficiency.*” This may be explained by 
the longer time for which children with con- 
genital growth hormone deficiency have 
impaired growth hormone secretion, but all 
authors are agreed that both groups have a fas- 
ter than normal growth rate (catch up) after 
starting growth hormone treatment.*~’ We have 
analysed the short term effect of growth hor- 
mone treatment in 13 children treated with 
cyclosphosphamide, total body irradiation, 
and bone marrow transplantation for acute 
leukaemia. 


Patients and methods 

Thirteen patients (nine boys, four girls) who 
underwent bone marrow transplantation and 
total body irradiation for acute leukaemia and 
then received growth hormone treatment were 
included in this study. All had abnormal growth 
rates for their chronological age or stage of 
puberty, or both. The diagnosis was acute lym- 
phoblastic leukaemia in 11 and acute myeloid 
leukaemia in two. Mean age at diagnosis was 6°5 
years (range 0-5—14-1). All patients with lym- 
phoblastic leukaemia had been treated for 
varying times with protocols established by the 
Medical Research Council,® the United King- 
dom Children’s Cancer Study Group,’ or by the 
Hospital for Sick Children.!° Patients with 
myeloid leukaemia were treated with dauno- 
rubicin, cytosine arabinoside, and thioguana- 
nine, or with two courses of this before one 
course of meta-amsacrine, azacytidine, and eto- 
poside VP16 together with intrathecal cytosine 
arabinoside. Eight of those with lymphoblastic 
leukaemia had previously undergone cranial 
irradiation for the prevention of meningeal 
leukaemic infiltration in a dose of 1800 cGy 
(n=3) in 10 fractions over 12 days or 2400 cGy 
(n=5) in 15 fractions over 19 days. All the chil- 
dren with lymphoblastic disease also received 
intrathecal methotrexate. Eight patients had 
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relapsed and were therefore given additional 
induction and consolidation chemotherapy 
before bone marrow transplantation. One boy 
(case 7) was also given treatment for testicular 
relapse with 2400 cGy testicular irradiation. 

Allogeneic bone marrow transplantation was 
done during the first remission in five, the 
second remission in five, and the third remis- 
sion in two patients. One patient underwent 
autologous bone marrow transplantation during 
the second remission after central nervous sys- 
tem relapse. Mean age at the time of treatment 
was 9-0 years (range 3°7—15-8). Preparation for 
marrow transplantation consisted of cyclophos- 
phamide 60 mg/kg/day intravenously over two 
consecutive days and total body irradiation. 
The dose of irradiation was 900-1000 cGy given 
as a Single fraction in 12 patients and in six frac- 
tions over three days in one. . 

A mean of 3:2 years (range 1'1-5°0) elapsed 
between irradiation and transplantation and the 
start of growth hormone treatment. The table 
gives the clinical data of 13 patients at the start 
of growth hormone treatment. The mean age of 
starting growth hormone treatment was 12'2 
years (range 5°8-18°2). Endocrine replacement 
treatment was a standard regimen of hydrocorti- 
sone 15 mg/m?/day in two divided doses and 
thyroxine 100 ug/m?/day. Human growth hor- 
mone treatment was started at a mean dose of 
13:0 U/m?/week by daily subcutaneous injec- 
tions and increased to a mean of 18 U/m?/week 
in the second and third years. Two patients 
(cases 9 and 13) had graft versus host disease, 
but only one (case 13) remained on steroid treat- 
ment while taking growth hormone. Statistical 
analysis was by paired Student’s t test. 

The endocrine status of all patients was asses- 
sed at a mean of 2:0 years (range 0°6-4°0) after 
total body irradiation and bone marrow trans- 
plantation. The hypothalamopituitary axis was 
tested with a combined provocative test using 
insulin, luteinising hormone releasing hormone, 
and thyrotrophin releasing hormone by stan- 
dard techniques.!! In four patients in whom 
growth hormone responded inadequately to 
hypoglycaemia (peak <10-0 ug/l (<20-0 mU/)), 
a growth hormone releasing hormone test was 
done. Basal serum concentrations were also 
measured. After endocrine assessment patients 
were followed up clinically at three to six month 
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intervals and repeat hormone measurements 
were made as necessary. Anthropometric mea- 
surements including standing and sitting height 
were assessed with stadiometers by standard 
techniques.!* Pubertal stages were assessed by 
the method of Tanner.!” Testicular volume 
after irradiation (localised irradiation as well as a 
component of total body irradiation) is an 
unreliable index of sexual maturity, so genital 
appearance was used.'* Growth standards were 
those of Tanner et al.!° 


Results 

ENDOCRINOLOGICAL INVESTIGATIONS 

Serum growth hormone response to insulin 
induced hypoglycaemia was <10-0 ug/l (<20°0 
mU/l) in 10 patients, six of whom had concen- 
trations <5-0 ug/l (<10°0 mU/l). One patient 
had a peak growth hormone of 10°5 ug/l (21:0 
mUÜ/l) and two had peak concentrations of 
>16°0 ug/l (>32-0 mU/) (both had low growth 
velocities). Eight of the 10 patients with growth 
hormone insufficiency had been treated with 
cranial irradiation. Five out of the six patients 
with growth hormone concentrations <5’0 ug/l 
(<10-0 mU/]) had been treated with cranial irra- 
diation (table). Only one of the four children 
who were tested with growth hormone releasing 
hormone had growth hormone concentrations 
higher than those achieved during insulin 


Height velocity SD score 





Before 1 year 2 years 3 years 
Treatment with growth hormone 


Figure} Height velocity SD scores at the beginning of 
growth hormone treatment, after 1 year (13 U/m?/week), and 
2 and 3 years (18 U/m?/week) of growth hormone treatment 
in 13 children treated by total body irradiation and bone 
marrow transplantation. 


Clinical and endocrine data of 13 patients treated with total body irradiation and bone marrow transplantation at the 


beginning of growth hormone treatment 


Case Sex Previous cranial Age at total 
No radiation and body twradiation/ 
dose {cGy} bone marrow 
transplantation (years) 
1 M 2400 10°] 
2 M 1800 5.4 
3 M 1800 15°8 
4 M 2400 Si 
5 F Nil 6:5 
6 F 2400 8:3 
7 M 2400 11-1 
(2400 to testes) 
8 M 2400 9-8 
9 M Nil 12-2 
10 F Nil 9-7 
ll M Nil 12-0 
12 F 1800 37 
13 M Nil 73 


Growth hormone Pubertal stage Endocrine replacement 


peak to genttalia/breast treatment 
hypoglycaemia 
(ugll)* 
4°8 2 Nil 
75 l Nil 
<03 4 Thyroxine 
5:9 i Nil 
9-9 l Nil 
92 2 Oestrogen 
1 l Thyroxine, hydrocortisone 
5.6 4 Nil 
10°5 3 Nil 
>16°0 3 Oestrogen 
>16°0 3 Thyroxine, testosterone 
3°3 l il 
4-5 l Thyroxine, hydrocortisone 


All patients had acute lymphoblastic leukaemia except numbers 5 and 11 who had acute myeloid leukaemia. 


*Growth hormone conversion: 1 ug/l=2 mUA. 
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* 
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induced hypoglycaemia, but none achieved 
values >10°0 ug/l (>20°0 mU/I). 

Four patients were hypothyroid (cases 3, 7, 
11, and 13) at the time of the initial investiga- 
tion, case 2 had compensated hypothyroidism 
identified by persistently raised concentrations 


Treatment with growth hormone 
At total body Astari 
irradiation 


_ 


1 year 2 years 3 years 


Height SD score. 





Sitting height and subischial 
leg length SD score 





{n=13} {n=13} in=9} in=4} 


Figure 2 Height, sitting height, and subischial leg length 
(shaded columns) SD scores before and during growth 
hormone treatment in 13 children treated by total body 
irradiation and bone marrow transplantation. 
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Figure3 Sitting height and subischial leg length response to treatment with growth 
hormone in case 1 until the attainment of adult stature. Epiphyseal maturation was one year 
behind chronological age at the start of treatment. He had been treated with 2400 cGy 
cranial irradiation at the age of 3-8 years and total body irradiation was given at the age of 
10-1 years. He had spontaneous onset of pubertal development at age of 13:2 years but sex 
steroid supplements were given at the age of 15-1 years for arrested sexual maturation. 


of thyroid stimulating hormone (>10°0 mU/I). 
All four were treated with thyroxine as were two 
patients (cases 1 and 8) who became hypo- 
thyroid 3:7 and 2:5 years later, respectively. 
Adrenal function was considered normal in all 
patients except two (cases 7 and 13), who subse- 
quently received hydrocortisone replacement 
for panhypopituitarism. During the study, sex 
steroid replacements were given to six patients. 
Three patients (cases 6, 7, and 10) had increased 
serum concentrations of follicle stimulating hor- 
mone and luteinising hormone on investigation; 
two (cases 1 and’ 8) had arrested pubertal 
development and one (case 13) delayed puberty. 
Patients less than 10 years of age at investigation 
did not have raised gonadotrophin concentra- 
tions, although at this age it is impossible to 
exclude gonadal damage by measurement of 
serum gonadotrophins. 


GROWTH IN RESPONSE TO TREATMENT WITH 
GROWTH HORMONE 

In the first year of growth hormone treatment 
all patients increased their growth velocity, 
expressed as height velocity SD score (SD), 
from a mean of — 1-27 (0°65) in the year before 
treatment to +0°22 (0°81), (p<0-001) (fig 1). 
During the second year of treatment the mean 
height velocity SD score was +0°16 (1:11) and 
during the third year it was 0°42 (0°71). Height 
velocity SD score did not rise significantly 
above zero in any year of treatment, showing 
that these patients did not experience ‘catch up’ 
growth. Expressing growth velocity in cm/year 
(SD) in the first year of treatment, patients 
increased their height velocity from a mean 
value in the year before treatment of 3-6 (0°95) 
cm/yr to 5'2 (1-5), whereas in the second year 
it decreased to a mean of 5:0 (2°5) cm/year, and 
in the third year to 4°6 (2:0) cm/year. 

Mean height SD score at the time of bone 
marrow transplantation was --0°66 (0°84) and 
when growth hormone treatment started it 
decreased to —1°52 (0°42) (p<0-05). Growth 
hormone treatment did not result in improve- 
ment of height SD scores (fig 2); during the first 
year there was a slight increase to a mean value 
of —1'50 (0°47), which was maintained in the 
second year at —1'5 (0°46), and then decreased 
to —1-74 (0:92) in the third year. 

The response of body segments to growth 
hormone treatment are shown in fig 2. At the 
start of growth hormone treatment, sitting 
height SD scores (SD) had been affected more 
than subischial leg length, with a mean value of 
—2°26 (0°68) and —0-87 (0°63), respectively. 
During treatment there was a progressive, 
although not significant, decrease in mean 
sitting height SD scores, from —2°46 (0°64) in 
the first year, to —2°60 (0°50) in the second 
year, and ~2°66 (0°59) in the third year. The 
response of subischial leg length to growth hor- 
mone treatment was also not significant: in the 
first year mean subischial leg length SD score 
was —0°63 (0°65), in the second year —0°58 
(0-70), and in the third year —0:8 (1:14). An 
example of impaired sitting height and subis- 
chial leg length responses to growth hormone 
treatment is shown in fig 3 (case 1). 
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- lower limbs, 


Discussion 

The patients in this study are a heterogenous 
group because of their wide age range, differing 
pubertal state, and varying numbers of previous 
remissions and irradiation regimens. They 
were, however, treated at a time when total 
body irradiation and bone marrow transplanta- 
tion were first used in our unit, and before this 
such children would not have been expected to 
survive. Growth assessment and potential may 
be complicated by chronic corticosteroid treat- 
ment in those patients with severe graft versus 
host disease, but only one of our patients was on 
pharmacological corticosteroid treatment dur- 
ing growth hormone treatment. We have pre- 
viously shown that growth hormone insuffi- 
ciency is a common result of total body irradia- 
tion and this is especially true for children who 
have been treated with bone marrow transplan- 
tation during their second or third remission 
and have already received cranial irradiation.” 
We can offer no explanation as to why sitting 
height SD scores were much lower than sub- 
ischial leg length SD scores before growth 
hormone treatment. 

Children who do not produce enough growth 
hormone as a result of cranial or craniospinal 
irradiation have been reported to respond to 
growth hormone treatment with an initial catch 
up growth period, although this is not as pro- 


nounced as in those children with idiopathic 


growth hormone deficiency.” In this study 
patients showed an increase in height velocity 
adequate for growth at a normal rate for age 
(height SD scores increased from a minus 
number to zero), but this was not catch up 
growth (height SD scores were not significantly 
above zero). Children with idiopathic growth 
hormone deficiency have catch up growth in 
response to growth hormone treatment with 


` doses similar to that used in the first year for our 


patients.! We provided a higher dose in the 
second and third years but with no further 
improvement in growth response. It is possible 
that higher doses of growth hormone, such as 
those used now in the treatment of dysmorphic 
syndromes (30 U/m?/week), may be needed for 
optimal growth of such children. 

Impaired spinal growth despite growth hor- 
mone treatment was expected in our patients, as 
growth hormone does not reverse impaired 
growth of the spine in children who have under- 
gone craniospinal irradiation.” It was recently 
reported that children treated with only cranial 
irradiation also had abnormal unexplained spi- 
nal growth, but the data are from a small num- 
ber of patients.'® The patients in our study had 
impaired leg growth while on growth hormone 
treatment even though they received full endo- 
crine replacement, suggesting that total body 
irradiation impaired the growth of both lower 
limb and vertebral epiphyses. Irradiation of the 
bones of the legs impairs the growth of the 
19 20 just as spinal irradiation affects 
the growth of the vertebral bodies. 21 As growth 
failure in these children was more pronounced 
than expected for such a low total dose of irra- 
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diation, it may be attributable to the effect of 
total body irradiation given as a single fraction 
in almost all the patients. It is possible that frac- 
tionation of the dose will decrease the adverse 
effects on growth as well as other complications. 

Children treated with total body irradiation 
and bone marrow transplantation have pro- 
found growth failure, which is only partially the 
result of endocrine deficiency. They have 
impaired response to growth hormone treat- 
ment in the lower segment of the body as well as 


.in the spine, which is probably secondary to 


irradiation of the epiphyses. Such damage may 
be irreversible and this emphasises that children 
who have been treated with total body irradia- 
tion and have growth failure require endocrine 
replacement as soon as possible to maximise 
their impaired growth potential. 


Dr Leiper is supported by a grant from the Medical Research 
Council. We are grateful to Professor JM Chessells for her 
encouragement and constructive criticism of the manuscript. 
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Asperger’s syndrome: who is being abused? 


M Perkins, S N Wolkind 


Abstract 

Six case histories of children referred and 
admitted to a psychiatric inpatient unit at a 
tertiary referral centre because of concerns 
about poor functioning and possible emotio- 
nal abuse are presented. On initial assessment 
the children appeared to be well functioning 
and the impression was confirmed that their 
emotional needs were not being met by their 
parents. After detailed inpatient appraisal the 
diagnosis of Asperger’s syndrome was made 
in all six cases, exemplified mainly by a formal 
concrete way of thinking and an inability to 
identify and understand human emotions and 
relationships. The impact of the diagnosis on 
the parents and their consequent relationships 
with their child and their willingness to work 
with professionals is discussed. 


Since Kanner’s clinical account of 1943 there 


has been a growing interest in the pervasive. 


developmental disorders of children, of which 
autism is the most well defined.! Rutter has 
most clearly set out the current basic require- 
ments for the diagnosis of this condition.” 
Firstly, the onset of developmental impairment 
should be within the first 30 months of life. 
Secondly, there is a deviance of social relation- 
ships. Those that are formed are not appropri- 
ate to the child’s mental age. Thirdly, autistic 
children have a wide range of abnormalities of 
communication. Fourthly, there are restricted, 
repetitive, stereotyped patterns of behaviour. In 
its classical form it is now readily recognised by 
experienced professionals. 

More recently milder forms of these disorders 
have been described. Asperger’s syndrome pro- 
vides an example of this and Wing has deline- 
ated the characteristics of this condition.* The 
affected individuals show a lack of empathy and 
have deviant styles of both verbal and non- 
verbal communication. They may embark upon 
long pedantic monologues on certain topics, 
with little emotional expression. They have con- 
stricted intellectual interests which may be to 
the exclusion of all else. Finally, they may show 
idiosyncratic attachment to inanimate objects. 
There are continuing debates as to whether 
these conditions are truly mild forms of autism 
or of some other type of disorder such as an 
early manifestation of schizoid personality.* ° 
Whatever the answer to this the prognosis of 
these children is poor and the majority will, as 
adults, have major psychosocial difficulties. 

‘These latter disorders are not common and 
they can be difficult for professionals to recog- 
nise. During a clincal interview the children can 


‘appear sociable and at times even desperate to 


form a relationship with the interviewer. Doc- 
tors and psychologists can fail to understand 
how emotionally draining it is to bring up such a 
child. The parents can be made to feel increas- 
ingly guilty that they have failed to meet their 
children’s needs and may be blamed for difficul- 
ties that have been observed at school. A pre- 
vious theory, now totally refuted,° was that 
abnormalities in parenting were the direct cause 
of autism and the other developmental dis- 
orders. It is, however, almost certain that the 
cause is due to some form of brain dysfunction 
probably with a genetic basis,’ and indeed simi- 
lar difficulties are often seen in other family 
members. 

Over the last two years six children with 
Asperger’s syndrome have been seen in a terti- 
ary referral centre where previous workers have 
felt either the parents were fabricating the diffi- 
culties or that the children’s behaviour was the 
result of emotional or sexual abuse. Only after 
admission did the nature of the behavioural 
abnormalities become clear. In most cases the 
parents’ behaviour appeared at initial assess- 
ment to be either hostile, defensive, or even 
bizarre. Only as staff became able to empathise 
with their frustration at trying to cope with their 
child did their despair and isolation become 
apparent. A case history is presented of one 
such child and family and a table gives details of 
the remaining five. 


Case report 

A girl (case 1) was referred aged 10. Owing to 
her father’s work the family had lived abroad a 
great deal. From age 18 months the mother had 
felt there was ‘something wrong’ with the girl, 
her first child. ‘She never seemed to be really 
present: she didn’t play like other children’. 
The worries grew when she compared her with 
her brother two years younger. The mother’s 
fears were dismissed as ‘neurotic’ by a company 
doctor. At age 5 she started school; she was 
thought odd at the time and the term ‘a rejected 
child’ was used. An educational psychologist 
assessed her as having an intelligence quotient 
(IQ) of 85 and agreed with teachers that ‘under 
an aloof exterior this was a child desperate for 
love’. The parents considered having psychiat- 
ric treatment for themselves. The father decli- 
ned a promotion so that he could spend more 
time with the family. When the girl was aged 8, 
a third child was born and the mother was con- 
cerned that the girl might harm the new baby. 
Both the general practitioner and the health 
visitor felt the girl had a normal interest in her 
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Details of the six children 


Case 


Intellectual 


Nolsex quotient 


I/F 


2/M 


3/M 


HF 


5/M 


6/M 


Full scale 60,” 
performance 64, 
verbal 60 


Full scale 84, 
performance 101, 
verbal 72 


Full scale 77, 
performance 78, 
verbal 79 


Full scale 71, 
performance 71, 
verbal 67 


Full scale 89, 
performance 87, 
verbal 94 


Full scale 138, 
performance 130, 
verbal 137 


Neurological 
deficit 


EEG: normal, computed 
tomogram: slightly 
enlarged ventricles 


EEG: generalised 
dysfunctional types 
non-specific. ‘Clumsy’ 


EEG: normal, computed 
tomogram: normal 


No neurological 
deficits 


EEG: normal, computed 
tomogram: normal 


EEG: normal 


Development 
difficulties 


Language delay, 
spelling difficulties 


Limited symbolic play 


Visual and peripheral 
memory deficit 


Non-reader 


Language delay 


None 


Social difficulties 
(child) 


Indiscriminate approaches 
to adults. No concept of 
friendship. Preoccupation 
with violence to babies 


Indiscriminate approaches 
to adults. No concept of 
interactive play. 
Pronounced obsessional 
traits 


No concept of friendships. 


No concept of interactive 
play. Preoccupation with 
fungi/insects 


Indiscriminate relationship 
with adults. No concept 
of friendship. No concept 
of play 

No concept of friendship. 
No imaginative play. 
Preoccupation with 
ritualistic drawing 


No concept of friendship. 
Preoccupation with 


Parental 
history 


Perkins, Wolkind 


Social difficulties 
(parents) 


Father: managerial post, Warm, appropriate care of 


mother: housewife 


Father: self employed 
butcher, 
mother: housewife 


Father: self employed 
shop owner, mother: 
housewife 


Father: car mechanic, 
mother: housewife 


Father: manual worker, 
mother: housewife 


Father: sales 
representative, 


other children 


Recurrent depressive 
illness in mother 


Marital discord. Mother 
withdrawn, lacking friends 
and socially isolated 


Father passive, suffered 
depression. Mother cold, 
affectionless with 

institutional up bringing 


Father rubber fetishist. 
Solitary, isolated 
individual, pronounced 
sexual fetishist. 
Preoccupation with trains 


Father socially isolated. 
Mother withdrawn with 


orderliness 


history of drug/alcohol 
abuse 


mother: shop assistant 


*Please note discrepancy in quoted IQ scores which led to much investigation for organic brain deterioration, which was not later substantiated. EEG, 
electroencephalogram. 


new sister. A total lack of educational progress 
led to a full assessment under the 1981 Educa- 
tion Act. The parents obtained a psychiatric 
opinion and referral to a child psychiatry in- 
patient unit was recommended. 

On admission, she was a pale child and small 
for her age. On first contact she appeared to be 
highly sociable and well able to deal with social 
situations. She appeared to show a full range of 
normal emotions. It became readily apparent 
that these were learned behaviours and had no 
feeling or flexibility behind them. She had no 
concept of humour or of empathy. Her language 
in new situations was restricted and formal. 
Free play showed an obsession with babies and 
she would muse in a cold detached way about 
methods of killing them. Physical examination 
showed her height and weight on the 10th cen- 
tile but no other abnormalities. A computed 
tomogram showed slightly enlarge ventricles 
but an electroencephalogram was normal. 
These features suggested Asperger’s syndrome 
and it was thought that her apparent good social 
functioning was due to the enormous efforts 
made by her parents in their attempts to relate 
to her and enable her to cope with society. It 
was also thought that she had a definite poten- 
tial of violence towards babies and a boarding 
school placement was recommended. Much 
work was needed to restore the parents’ self 
esteem and to ensure that they would continue 
to offer all they could to their daughter. 


Brief details of all six children are shown in 
the table. It can be seen that four of the six chil- 
dren were boys, a proportion that reflects the 
general excess of males with developmental dis- 
orders. All the children showed some evidence 
of impairment in the three main areas. In social 
abnormalities the majority showed a complete 
inability to understand other’s feelings and had 
no concept of the meaning of abstract notions 


such as friendship or love. The communication 
difficulties ranged from a moderately stilted 
form of speech to grossly formalised almost 
robotic ways of communicating. The abnormal 
preoccupations ranged from an excessive 
amount of time being spent with a collection of 
toy cars to a child whose total day at school and 
at home was dominated by a preoccupation with 
fungi and the poisons that could be obtained 
from them (case 4). In all cases at least one pro- 
fessional with the power to make decisions 
affecting the child’s life had formally recorded 
suspicions of abuse by the parents. 


Discussion 

These six cases shared many features. A superfi- 
cial knowledge of each of the children would 
suggest a well functioning child whose emotio- 
nal needs were somehow not being fully met. It 
required the experience of seeing the child in an 
inpatient unit before the full nature of the chil- 
dren’s difficulties became apparent. Within 
days, staff would change their view from puz- 
zlement at how the parents could complain 
about such a child to exasperation as the repeti- 
tive unrewarding nature of the interactions 
undermined the attempts by nursing staff to get 
to know their new patient. The parents had all 
been overwhelmed by guilt. They had all sug- 
gested that something had been very wrong but 
in all cases this had been dismissed by at least 
some of the professionals who had seen them. 
Three of the parents had considered that their 
child might be autistic and had read a great deal 
about the nature of the disorder. The unusual 
nature of their children’s personalities and the 
feeling of an outsider or an observer living in the 
family led to extreme distress and parental 
behaviours that at times would appear bizarre. 
They had become very defensive towards pro- 
fessionals and suspicious in their dealings with 
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them. In only one case did a parent have a his- 
tory suggesting a full Asperger’s syndrome, but 
he had played no part in caring for the child. 


The key features the children demonstrated 


were a formal concrete way of thinking and an 
inability to identify and understand human 
emotions and relationships. Two of the children 
had worrying preoccupations with violence and 
death. In all cases the parents or foster parents 
were immensely relieved when a formal diagno- 
sis was given to them even though they appreci- 
ated its prognostic significance. When their 
longstanding anxieties were acknowledged, all 
became willing and keen to work with staff for 
the good of their children. These histories point 
to the need to make formal mental state exami- 
nations of children: Four of the six had been 
seen previously by mental health professionals 
who had focused on family dynamics. Though 
these are of great importance they are not a sub- 
stitute for a full psychiatric evaluation. With 
growing acceptance of the important concept of 
emotional abuse, in all these cases accusations 
that this was the cause of the problem had been 
made. In three cases formal case conferences 
had been held. 
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Despite these comments, children with even 
the most severe personality and developmental 
deviations can and do get abused emotionally, 
physically, and sexually. In any assessment of a 
non-functioning child the evaluation must 
include both family and social experiences and 
the child’s own individual development and 
psychopathology. The milder forms of autism 
need to be recognised early so that parents can 
be helped to handle their unusual child and so 
that preventative work can be undertaken to 
stop severe behavioural problems being added 
to the underlying difficulty. 
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Brothers and sisters and the management of cerebral palsy 
Brothers and sisters are important. That the relationships between 
a handicapped child and his or her brothers and sisters may have 
important consequences seems self evident. Workers in Jowa 
(Martha Craft and colleagues, Developmental Medicine and Child 
Neurology 1990;32:1049-57) have tried to assess the effects of 
teaching siblings of children with cerebral palsy. They studied 15 
children who had cerebral palsy and 16 normal siblings aged 
between 4 and 17 years. The normal siblings underwent a four 
month programme of education about the basic neurology of 
cerebral palsy and about motivational skills and ways of encourag- 
ing more independence in the handicapped child, the teaching 
being appropriate to the age of the sibling. After the programme 
the cerebral palsied children had increased ranges of movement in 
the joints of the upper limbs. Measures of self help skills showed 
no significant change, although the authors point to a ‘trend’ 
towards improvement and state that ‘a few increases in functional 
status were dramatic’. 

My enthusiasm for this work is cautious. Scientific assessment 
of management in cerebral palsy is notoriously difficult and any- 
body who tries it is to be encouraged. This study, however, is 
uncontrolled and the authors’ enthusiasm for their own work is 
evident from their writing. They have shown some increase in 
joint mobility but no significant change in functional capacity. 
Reports of apparently dramatic changes in some patients are diffi- 
cult to assess and can be produced by the practitioners of even the 
most obscure alternative therapies. It worries me too that they 
appear to give little consideration to the effect on the normal 
siblings. Their age range was wide and the implication seems to be 
that they all entered into things in a spirit of sibling love and 
altruism. Did none of them react against it or just get fed up? 
What will be the long term effects? It is important to avoid 
cynicism while at the same time preserving professionally 
detached judgment and trying to assess the validity and implica- 
tions of the work. I’d like more information. 
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Management of foreskin problems 


P M Lafferty, F B MacGregor, W G Scobie 


Abstract 
One hundred consecutive cases of boys with 
foreskin problems referred to local paediatric 
surgeons in the Edinburgh area were studied. 
Fifty five underwent circumcision and the 
remainder were managed more conservatively 
with or without the use of local or general 
anaesthetic. Although sometimes avoiding 
general anaesthetic, the more conservative 
methods involved more frequent visits to the 
clinic, a larger number of complications, and 
a longer follow up period. 

Despite the vogue for conservatism, cir- 


` cumcision still has an important part to play in 


the management of troublesome foreskins in 
children. 


Circumcision is a very old and widely practised 
surgical procedure. Today, in many countries 
such as the United States, the decision to cir- 
cumcise is made by the parents. A recent report 
revealed that the most important factor associ- 
ated with the decision to circumcise was 
whether or not the father was circumcised.’ 
This routine practice continues despite policy 
statements by the American Academy of Pediat- 
rics and the American College of Obstetrics and 
Gynecology.” 

Neonatal circumcision is not a routine proce- 
dure in the United Kingdom, but a large num- 
ber of infants and school age boys are referred to 
surgical paediatric departments with foreskin 
problems for possible circumcision. 

The presenting complaints vary from indi- 
vidual to individual. Most frequently symptoms 
appear related to degrees of tightness of the 
foreskin:from overt phimosis associated with a 
pin hole meatus to failure to fully retract the 
foreskin due to congenital adhesions remaining 
between the glans and foreskin. Extreme phi- 
mosis may impede urinary flow, the small void- 
ing orifice causing the foreskin to balloon 
during micturition. 

Localised infection and inflammation to- 
gether constitute a common cause for referral 
with foreskin problems, either alone or together 
with symptoms of phimosis. Balanitis (inflam- 
mation of the glans) although often quoted as a 
major presenting complaint, is in fact much less 
common than posthitis (inflammation of the 
foreskin). Retention of smegma, together with 
the gradual breakdown of congenital adhesions 
may significantly contribute to localised irrita- 
tion and inflammation in and around the fore- 
skin as it gradually softens and dilates, allowing 
full retraction usually by the fifth or sixth year. 

Renewed interest in conservation of the fore- 


‘skin and the advent of topical anaesthetic 


creams, such as Emla (eutectic mixture of local 
anaesthetics (lignocaine and prilocaine), 
Astra),* has prompted a prospective analysis of 
methods of management in the Edinburgh area. 


Patients and methods : 
One hundred consecutive patients with foreskin 
problems, referred to the two Edinburgh 
paediatric surgical units (the Royal Hospital for 
Sick Children and the Western General Hospi- 
tal) were analysed over a six month period. All 
children referred were seen by one of four con- 
sultant paediatric surgeons or a career senior 
registrar. A proforma was completed at the ini- 
tial consultation that recorded the patient’s 
details, reasons for referral, and the treatment 
implemented. All operative procedures, includ- 
ing Emla lysis, were performed by the full range 
of medical staff, from consultant to senior house 
officer. 

Follow up was to patient discharge. Statisti- 
cal analysis of figures was achieved by one way 
analysis of variance and Mann-Whitney tests. 


Results 
Reasons for referral are shown in table 1. The 
most common reasons for referral as witnessed 
by the referring letter or the parental history 
related to tightness of the foreskin and/or recur- 
rent infection. Where phimosis was apparent it 
was categorised by the attending surgeon as 
either pin hole (n=54) or meatus visible (n= 
46). Only 8% of referrals requested circum- 
cision on religious grounds. Four patients 
required no treatment and were discharged. 
The basis on which the decision to adopt 
either surgical or conservative treatment was 
made ultimately on personal preference of the 
attendant surgeon. Recurrent infection, pin 
hole meatus associated with ballooning on mic- 
turition, and failed conservative management, 
however, were regarded as relative indications 
for circumcision. Forty nine patients had cir- 
cumcision performed after their initial visit to 
the clinic. 


Table I Presenting complaints in 100 consecutive cases 


No of patients 


Phimosis 49 
Infection 39 
Ballooning 17 
Failure to retract 24 
Religion 8 
Parental request 0 


Some boys had more than one presenting complaint. 


Management of foreskin problems 


Persistent preputial adhesions or failure to 
fully retract the foreskin (both with and without 
significant phimosis) attracted a largely conser- 
vative approach with 13 patients undergoing 
Emla lysis (as outlined by MacKinlay*) and 26 
undergoing preputial stretch/adhesion lysis 
under general anaesthesia. 

In eight patients in whom the symptoms were 
of minimal persistent adhesions only, an expec- 
tant policy was adopted; this involved gentle 
foreskin retraction being taught to the parents 
and practised at home. Not surprisingly in this 
latter group, in whom the symptoms were very 
mild, there were no complications. The mean 
number of total hospital visits, including the 
first, were recorded and are shown in table 2. 

Those in the Emla group visited the depart- 
ment 2°9 times on average. Those undergoing 
preputial stretch and circumcision visited a 
mean of 3-4 and 2'8 times respectively. Com- 
paring all three groups, there was an overall sta- 
tistical difference between the mean number of 
hospital visits (analysis of variance, p<0-005). 
A highly significant difference occurred 
between the preputial stretch/adhesion lysis 
group and circumcision groups (Mann-Whitney 
test, p=0°0006). There was no significant dif- 
ference between the mean number of hospital 
visits in the Emla lysis and circumcision groups. 
It is noted however that the practice at the 
Royal Hospital for Sick Children was to carry 
out Emla lysis, if indicated, at the initial visit, 
thus decreasing the number of attendances. At 
the same unit, follow up of circumcisions was 
often carried out by the district nurse, again 
decreasing the number of hospital attendances. 

Two of the 13 boys (15%) in the Emla group 
continued to have problems resulting in subse- 
quent circumcision (table 3). Of the 26 boys 
who underwent preputial stretch, seven (27%) 
reported persisting problems of these four pro- 


Table2 Total numbers of hospital visits (including the first) 


No of patients Mean No visits! 
patient (range) 
Emia lysis 13 2:9 (2-5) 
Preputial stretch 26 3°4 (2-5) 
Circumcision 49 2°8 (2-4) 


Table 3 Complications 





No of No (%) of Action 


patients complications 


Emla lysis 13 
Residual adhesions Circumcision 
Preputial f 
stretch 26 7 (27) 
Persistent ballooning None 
(n=1) 
Residual adhesions None 


(n=1) 

Recurrent phimosis Circumcision 
(n=4) 

Repeated infection Preputial 
(n=]) stretch 


Circumcision 49 4 (8) 
Crusting/bleeding None 
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ceeded to circumcision and one had a further 
preputial stretch, all of which required general 
anaesthesia. Of the 49 boys who underwent cir- 
cumcision as initial treatment, only four (8%) 
reported problems and none required further 
operative treatment. 


Discussion 


Forty nine of 100 boys referred by their family 
doctors to two sister paediatric surgical units in 
Edinburgh had circumcision as the primary 
management of the presenting foreskin prob- 
lem. A further six patients underwent circumci- 
sion after failure of foreskin preserving mea- 
sures which included preputial stretch/adhesion 
lysis under general or local (Emla) anaesthetic. 
The remainder were managed by more conser- 
vative methods, with or without local or general 
anaesthetic. Only a small number of circumci- 
sions were carried out for religious reasons in 
the Edinburgh area where the population of 
ethnic minorities is small. 

Emla cream has proved to be useful for local 
anaesthesia before adhesion lysis in selected, 
compliant patients. In addition, it is recognised 
that this method is appropriate for those boys 
with persistent preputial adhesions but not for 
those with any significant degree of phimosis.? 

A complication rate of 27% after preputial 
stretch/adhesion lysis is noted; five of the seven 
boys with continuing symptoms were noted to 
have ‘pin hole meatus’ at the first visit. This 
indicated a need for improved patient selection 
in this particular treatment group. 

Surveys have shown that the uncircumcised 
child has a higher risk of foreskin/glanular 
problems compared with the circumcised child 
(14-0% v 6'0% and 18-8% v 11-°1%).* ° Stenram 
et al showed that meatal stenosis occurred in up 
to 11% of boys after circumcision. The argu- 
ment against circumcision because of the risks 
of general anaesthesia are now less relevant with 
the advent of safer anaesthetic agents, paediatric 
trained anaesthetics, and modern monitoring 
equipment. 

Although conservatism is now the mode in 
foreskin problems, it often increases the num- 
ber of hospital attendances, and had a higher 
complication rate in this series. 


‘ The authors would like to thank Mr W Bissett, Mr G MacKinlay, 


and Mr J Orr for allowing us to report their patients in this study. 
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Prevalence of liver disease in cystic fibrosis 


R Scott-Jupp, M Lama, M S Tanner 


Abstract 

To assess the prevalence, demography, and 
clinical features of liver disease among 
patients with cystic fibrosis the case notes of 
524 patients of all ages who were attending the 
cystic fibrosis clinic were studied. Computer 
databases were used to establish the condition 
of the liver in a further 576 such patients. The 
overall prevalence of overt liver disease indi- 
cated by the presence of an enlarged liver or 
spleen (or both) was 4-2%. The age related 
prevalence rose to a peak in adolescence, and 
then fell in patients over 20 years old. The 
implied increase in mortality among those 
with liver disease was not explained by deaths 
from liver disease, which were rare. Male 
patients were significantly more affected than 
female, the ratio being 3:1 among adoles- 
cents. Increasing prevalence of liver disease 
in patients with cystic fibrosis is, therefore, 
not just a result of longevity. 


Liver cirrhosis was recognised as a complication 
of cystic fibrosis in Andersen’s original descrip- 
tion in 1938, but until recently the importance 
of subclinical liver disease has been eclipsed by 
the more obvious respiratory and pancreatic 
signs and symptoms.’ More effective manage- 
ment of these has resulted in greatly improved 
survival, and so liver disease has become impor- 
tant to a larger number of patients. 

The aetiology of focal biliary cirrhosis in 
cystic fibrosis is uncertain,’ but poor nutrition,‘ 
inspissated bile, autoimmunity,° and biliary 


` tract obstruction” ® have all been suggested. 


Previous estimates of prevalence varied 
depending on the diagnostic criteria used.” !° If 
cross sectional necropsy data are combined it 
looks as if prevalence rises steadily with 
age.” |! 12 There has been no study of clinically 
important liver disease in a large group of 
patients with cystic fibrosis spanning the entire 
age range. . 

A number of authors have shown that liver 
function tests are disordered in a high propor- 
tion of patients with cystic fibrosis and liver 
impairment, but that the degree of abnormality 
does not correlate with the extent of 
cirrhosis.” 11$ Some patients with obvious 
liver disease have normal test results, and there 
is a large number whose results are abnormal 
and whose true liver condition is uncertain.’ '° 


Patients and methods 
The casenotes of all 524 patients attending adult 
‚and,paediatric specialist cystic fibrosis clinics in 
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four midlands centres (Birmingham, Notting- 
ham, Peterborough, and Leicester) were 
reviewed. Subsequently the computer records 
of 576 patients with cystic fibrosis who were 
attending clinics in three northern centres 
(Manchester, Liverpool, and Leeds) were sur- 
veyed. All those with possible clinical evidence 
of liver disease were identified, and their case- 
notes were then examined. All the patients had 
undergone repeated abdominal examinations by 
physicians experienced in treating cystic fibrosis 
during routine visits to the clinic. From the 
records the presence of an enlarged liver or 
spleen (or both) was noted. If a spleen was 
described as ‘palpable’ it was considered to be 
enlarged. The liver was regarded as enlarged 
when it protruded 3 cm or more below the cos- 
tal margin and was not apparently pushed down 
by hyperinflation of the lung. Radiological and 
ultrasound findings were not considered. 
For the 524 patients in the first four centres 
only, those patients who had raised serum acti- 
vities of aspartate transaminase, alanine amino- 
transferase, or y-glutamyl transpeptidase at any 
time, but excluding transient increases in the 


"activity of a single enzyme, were noted. These 


data were incomplete because only 388 (74%) of 
the group had ever had their liver function tests 
done. 

Evidence of symptomatic biliary disease was 
sought, but was considered only when symp- 
toms of biliary colic were accompanied by 
radiographic or ultrasonographic evidence of 
gall stones. Policies for investigating asymp- 
tomatic biliary disease varied among clinics, so 
the true prevalence of ‘silent’ biliary disease 
could not be estimated. 

Data about age at diagnosis of liver disease, 
mode of presentation, history of prolonged 
neonatal jaundice, family history, presence of 
oesophageal varices, and liver function tests 
were gathered. Where available, the age at 
death and mode of death of patients attending 


. each of the four initial clinics were noted during 


the 10 years preceding the study. 

The prevalence point was 1 June 1988. They? 
test was used to assess the significance of differ- 
ences among groups. 


Results 

There were similar trends in the prevalence of 
clinically apparent disease in the data derived 
from casenotes in the midlands and those 
derived from databases in the northern survey. 
The data have therefore been combined to give 
a study population of 1100 patients with cystic 


t 
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Table3 Ageatpresentation 


of liver disease (n=39) 


Age 
(years) 


0 


5 
6 
7 
8 
9 
10 
lI 
12 
13 
14 
15 
17 
19 


No 


presenting 
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fibrosis. Of these, 46 (4°2%) had clinical liver 
disease. Eleven (1:0%) had an enlarged liver 
only, three (0°3%) had an enlarged spleen only, 
and 32 (2-9%) had enlargement of both liver and 
spleen. Cutaneous signs of liver disease were 
recorded in only two. 

Oesophageal varices had been sought in 34/46 
with clinical disease, and were detected in 11. 
Of these, all had enlarged spleens, and six had 
bled at least once. There was no variceal bleed- 
ing in patients who did not have enlarged 


spleens. Six of 46 in the combined clinical group - 


(13-0%) had liver enzyme activities within the 
reference ranges, and four also had enlarged 
spleens. ; 

No patient had jaundice or ascites at the time 
of the study. 

The prevalence of abnormal liver enzyme 
activities in the absence of clinical disease could 
be estimated only for the midlands group of 
524: 50 were identified (9:5%). These repre- 
sented 12:9% of those who had had liver 
enzymes measured. 


Clinically apparent and radiologically proved | 


biliary disease was rare and restricted to the 
older age groups. Only six patients out of 1100 
(055%) were found: one of 183 (0°5%) in the 
16-20 age band, three of 107 (28%) in the 
21-25 band, and two of 38 (46%) aged over 25 
years. 


AGE RELATED PREVALENCE (table 1) 
There was a progressive rise in the prevalence of 
clinically apparent liver disease from 0°3% in 
the 0-5 age group to a peak of 87% among 
those aged 16-20. Thereafter, instead of the 
expected progressive rise, there was a fall to 
only 4-1% among 145 patients over 20 years of 
age. The same trend was seen when only those 
with splenomegaly were considered, or when 
those who had neither an enlarged spleen nor 
abnormal liver function tests were excluded. 
The group with portal hypertension as indi- 
cated by an enlarged spleen had a mean age of 


15-3 years (range 7-27), and those with. 


oesophageal varices had a mean age of 17:3 
years (range 9-27). l 

Biochemical abnormalities without clinical 
signs were more prevalent than overt disease 
(table 2), and showed a similar although less 
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pronounced peak, rising to 16°0% in the 16-20 
age group, and falling to 11:5% over 20. 


SEX RELATED PREVALENCE 

Significantly more male patients were affected 
by clinical disease, both in the midlands and in 
the combined populations; 33/605 (5°4%) were . 


. affected overall compared with 13/495 (2°6%) of 


female patients, (p<0-05). The difference was 
seen at all ages over 5 years, and was most pro- 
nounced in the 11-15 age group, in which three 
times as many boys as girls were affected. There 
were no significant differences between the 
sexes in the group with biochemical abnormali- 
ties only, but prevalence data for this group was 
incomplete. 


AGE AT PRESENTATION OF LIVER DISEASE 
Reliable information about the age at which 
liver disease first became clinically apparent was 
available for 39 of the 46 with clinical disease. 
(table 3). The mean age at presentation was 9°8 
years (median 10-5). 


MODE OF PRESENTATION OF LIVER DISEASE 

Of the 46 with clinical disease, it presented in 43 
as an incidental finding on abdominal examina- 
tion: 11 had enlarged liver only, three had 
enlarged spleen only, and in 29 both organs 
were enlarged. Two presented with abnormal 
liver enzyme activities and later progressed to 
overt disease; one presented with biliary pain. 
None of the patients presented with prolonged 
neonatal jaundice. Two presented with hepatos- 
plenomegaly before the diagnosis of cystic fibro- 
sis was made. 


SIBLINGS 

There were no sibling pairs within the total 
group of 46 patients with clinical liver disease, 
although nine of the 46 had one or more siblings 
with cystic fibrosis. Two, however, had siblings 
who had died and were known to have had liver 
disease. At least two had siblings with abnormal 
liver enzyme activities. 


Table 1 Prevalence of clinical liver disease in 5 year age bands. Numbers are expressed as total number (% of number 


for age) 
Age (years) Total 
0-5 6-10 11-15 16-20 >21 
No of patients with cystic fibrosis 318 258 196 183 145 1100 
No (%) with clinical liver disease 1 (03) 9 (3:5) 14 (7-1) 16 (87) 6 (41) 46 (4-2) 
No (%) with enlarged spleen 0 6 (2°3) 11 (5°6) 14 (7:6) 4 (2:8) 35 (3-2) 
No (%) with either enlarged spleen 
or abnormal liver function tests 1 (0-3) 7027) 12 (6°1) 16 (8-7) 6 (4-1) 42 (3°8) 


Table2 Prevalence of biochemical liver disease without clinical signs in midlands centres; 136 (26%) of the total had not had 
liver function tests carried out. Numbers are expressed as total number (% of number for age) 


Age (years) Total 
0-5 6-10 11-15 16-20 =21 
No of patients with cystic fibrosis 177 125 89 81 52 524 
No (%) with biochemical liver disease 10 (5:6) 10 (8-0) 11 (12-4) 13 (16:0) 6 (11-5) 50 (9-5) 
En 
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CAUSE OF DEATH 

The causes of death among those attending the 
midlands clinics over the past 10 years were reli- 
ably ascertained in 80%. For the others records 
were unavailable, or death had occurred at 
home and the precise mode had not been 
recorded. There were 77 deaths during this 


_ period (31 male, 46 female), and their mean age 


was 13-9 years. Only two patients died from 
acute variceal haemorrhage, and only four from 
acute liver failure. The mean age at death of 
these six (three male, three female) was 10:8 
years. The remainder died primarily from 
respiratory causes, but at least six of these had 
some degree of liver disease. 


Discussion 

There have been no previous systematic 
attempts to assess the clinical prevalence of liver 
disease among patients with cystic fibrosis 
across the entire age range in a substantial popu- 
lation. Feigelson et al, using a variety of criteria, 
found evidence of cirrhosis in nine of 50 
patients with cystic fibrosis between 1 and 20 
years old.!® Stern et al described 15 cases with 
symptomatic liver disease in a population of 
693 (2-2%).!* Schwarz et al reported nine cases 
of overt liver disease among 204 patients all 
less than 13 years old (4-4%).!” More recently, 
Nagel et al reported either biochemical or overt 
liver disease in 57 of 233 patients over 15 years 
old (24:5%)." 

Necropsy studies have shown overall rates of 
abnormal histological appeareances of the liver 
of 12%,!? 22%,° and 29-5%.!! The latter series 
(n=146) suggested an increasing prevalence 
with age from 10°8% at less than 3 months to 
26:8% at over 1 year. Vawter and Schwachman 
found focal biliary changes in 21 of 29 patients 
who died after the age of 24 years (72%).'* Nec- 
ropsy data may not reflect the true age related 
prevalence as the presence of liver disease may 
have contributed to death. None of the pub- 
lished necropsy studies relate the histopatholo- 
gical findings to clinical condition, or to radiolo- 
gical or biochemical abnormalities. 

Varying estimates of the prevalence of abnor- 
malities shown on ultrasound scanning have 
also been reported. Willi et al performed scans 
in 24 unselected patients and found abnormali- 
ties in 22 (92%), of whom 10 had specific liver 
abnormalities.?° Graham et al (in an adult series) 
found hepatomegaly in 23 of 35 (66%) and 
abnormal echogenicity in 11 of 35 (31%),?! and 
Wilson-Sharp et al found hepatic abnormalities 
in 23% of children.” 

Data on the results of examination of liver 
biopsy specimens in patients with cystic fibrosis 
are scarce, although Dietzsch et al found histo- 
logical evidence of liver disease in 15 of 84 chil- 
dren who underwent needle biopsy (18%)."? 
Not all those whose biopsy specimens were 
abnormal had either clinical or biochemical evi- 
dence of liver disease. Trying to identify subcli- 
nical liver disease by biopsy is impossible to jus- 
tify in the absence of any treatment, except in 
assessment for transplantation. 

Thus the assumption of a rising prevalence of 
liver disease with age in cystic fibrosis is based 
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mainly on necropsy series.” In the present 
study the prevalence of clinically overt disease 
in 1100 patients with cystic fibrosis was 44%, 
similar to some quoted estimates.!° 7? This is 
likely to be an underestimate of the true preva- 
lence of focal biliary cirrhosis, as the histopatho- 
logical changes may precede enlargement of the 
liver or the development of portal hypertension. 

The presence of an enlarged liver in isolation, 
with no other evidence of liver disease, should 
be interpreted with caution because this may be 
the result of depression of a normal liver below 
the costal margin by hyperinflated lungs, rather 
than true enlargement. Measuring the liver span 
by percussion is difficult in patients with cystic 
fibrosis because the chest is frequently hyper- 
resonant throughout. In our series, however, 
only four patients had isolated liver enlargement 
with neither splenomegaly nor abnormal liver 
function tests, and when these were excluded 
the same trends in age and sex prevalence were 
seen. 

Liver disease was relatively uncommon 
before the age of 10 years. Some of the younger 
patients may have had hepatic steatosis related 
to poor nutrition rather than cirrhosis.” There- 
after, instead of the expected progressive rise 
into adult life, there was a peak during adolesc- 
ence followed by a fall in prevalence over the 
age of 20 years. 

There are two possible explanations for this 
observation. Firstly, it may be an unexplained 
cohort effect, and further longitudinal studies 
would show whether the prevalence peak shifts 
into adult life. Alternatively, because liver 
disease in cystic fibrosis is irreversible, this 
trend can be explained by an increase in mortal- 
ity in the teenage years among those with liver 
disease. Our review of mortality records for the 
preceding 10 years showed that only 7°8% of 
deaths could be attributed directly to liver 
disease, either hepatocellular failure or portal 
hypertension. It may therefore be that the pre- 
sence of liver disease increases the likelihood of 
premature respiratory death in teenage patients 
with cystic fibrosis. The rarity of hepatocellular 
failure as a cause of death may be explained by 
the histopathology of focal biliary cirrhosis, in 
which the hepatic parenchyma is left largely 
intact.? 4 

The sex distribution of overt disease showed 
an unexpected preponderance of male patients. 
No other manifestation of cystic fibrosis shows 
such a sex difference. It cannot be attributed to 
the action of sex hormones, as the onset was 
usually prepubertal. Recently, Becker et al 
showed that female patients with cystic fibrosis 
had significantly more cholesterol saturation of 
bile than male patients, but this difference was 
seen only after puberty. There is reported to be 
a higher mortality from cystic fibrosis among 
female compared with male patients in the 
United Kingdom as a whole,’ and it is possible 
that increased mortality among girls with liver 
disease explains our findings. 

Although these data are derived from patients 
attending specialist cystic fibrosis clinics, and 
may thus be somewhat selected, they include 
most of the patients with cystic fibrosis living in 
the areas served by the clinics. No patients were 
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referred specifically because of liver disease. 
There is no reason to suppose that the observed 
trends should be any different for patients who 
were not attending the clinics. 

The findings in the ‘biochemical’ group, 
derived from the smaller midlands population 
only, should be interpreted with caution as 
there was no consistent policy of monitoring 
liver enzyme activities among the clinics. Some 
patients had never had liver function tests done, 
and in others, increased activities may have 
been the result of causes other than developing 
cirrhosis. Liver function tests were carried out 
more often in older patients. Despite the in- 
complete data the same age prevalence trend 
was seen as in patients with overt disease. 

Like other authors, we found an inconsistent 
relationship between hepatosplenomegaly and 
abnormal liver enzyme activities. Kattwinkel et 
al in their study of liver enzyme activities in 
patients with cystic fibrosis compared with age 


matched controls found that 15/40 (38%) had. 


raised alkaline phosphatase liver isoenzyme 
activity.” They also found raised y-glutamyl 
transpeptidase, aspartate aminotransferase, and 
alanine aminotransferase activities in a simi- 
lar proportion of patients, but only six of 11 
patients with palpable livers had abnormal tests, 
while 11/38 whose livers were not palpable had 
abnormal tests. We therefore doubt the value of 
routine monitoring of liver enzyme activities in 
patients with cystic fibrosis. No evidence has 
been published to establish the value of other 
biochemical or haematological tests, including 
dynamic tests of liver function such as caffeine 
clearance, in predicting the later occurrence of 
overt disease. 

Subclinical biliary disease is thought to be 
common among adults with cystic fibrosis. In 
one study 17 of 23 adults with abnormal liver 
enzyme activities had abnormalities on biliary 
imaging,'® and this was suggested to be the 
primary hepatobiliary lesion in cystic fibrosis.’ 
We found symptoms of biliary disease to be 
rare. 

The mode of presentation of liver disease was 
by routine abdominal examination in most 
patients, and in only two of 46 of the clinical 
group (4%) was the development of overt dis- 
ease predicted by abnormal liver function tests. 
We found no strong evidence of familial con- 
cordance as reported by Schuster er al.” 

As expected, 20% of those with overt disease 
had oesophageal varices although, because not 
all patients had been recently investigated, the 
true incidence may have been higher. Enlarge- 
ment of the spleen seems to predict those at risk 
from haemorrhage. 

In conclusion, these data suggest that the pre- 
valence of liver disease in cystic fibrosis peaks 
during adolescence, affects male more than 
female patients, and seems to be associated with 
earlier death. Those with liver disease may thus 
form an identifiable group with a worse prog- 
nosis who warrant more aggressive treatment. 
Poor nutritional state associated with liver dis- 
ease may contribute to the shorter life span, but 
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data are lacking. Clinical signs are probably a 
late sign of liver disease, but results of liver 
function tests are unreliable. The cause, future 
changes in prevalence, and the prognosis of 
liver disease in cystic fibrosis demand further 
study. 


We thank the Cystic Fibrosis Research Trust for funding this 
study. We also thank colleagues in the cystic fibrosis clinics in 
Leicester, Nottingham, Birmingham,. Peterborough, Leeds, 
Liverpool, and Manchester for allowing us to search their 
records, and in particular Dr EJ Hiller, Dr P Weller, and Dr 
] Kuzemko for help in setting up the study. 
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Imaging in influenza A encephalitis 


S M Protheroe, D H Mellor 


Abstract 

Two cases of influenza A encephalitis seen 
during an outbreak of influenza types A/ 
England/427/88 (H3N2) and A/Taiwan/1/86 
(H1N1) in December 1989 are described. In 
both children the encephalitis developed 
within three days of the respiratory symptoms 
and both became comatose within 48 hours. 
Virological studies showed that the patients 
had had a recent influenza A infection. Sym- 
metrical localised hypodense lesions within 
the thalami and pons were demonstrated in 
both cases on computed tomography of the 
brain and striking findings in the pons in one 
case on magnetic resonance imaging. 
Influenza A encephalitis is not easy to recog- 
nise clinically and serological confirmation 
can only be made after 10 days. Imaging may 
provide evidence in the acute stage to support 


a diagnosis of influenza encephalitis during 
i 2 F] or) = a Q 


acıds were also normal. Electroencephalography 
showed generalised slow wave activity. 
Computed tomography of the brain on the 
second day showed low attenuation changes in 
the thalamı bilaterally (fig 1). There was some 
brainstem swelling with low attenuation change 
in the pons (fig 2). Both putamina and globus 
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pallidi showed small foci of high attenuation 
possibly representing haemorrhage. 

On the third day his condition deteriorated 
with decorticate posturing, early papilloedema, 
and a sixth nerve palsy on the right. Dexa- 
methasone was started, he was ventilated, and 
an intracranial pressure monitoring device was 
inserted. He was treated with acyclovir and 
thiamine, although the features were not typical 
or herpes simplex encephalitis or Leigh’s 
disease. 

He was extubated after four days but 
remained in a somnolent state. By day 10 he had 
begun to improve, although he showed 
choreoathetoid movements of his trunk and 
limbs on purposeful movement. Complement 
fixation titre for influenza A virus was less than 
16 on admission, but increased to +256 on the 
15th day, indicating recent influenzal infection. 
Serological tests failed to demonstrate any other 
virus antibody response and we were not able to 
find any other cause for coma or encephalo- 
pathy. 

He was discharged on day 28, walking with 
an aid and speaking in sentences. Follow up 
three months later showed he had made a full 
neurological and intellectual recovery apart 
from a persisting right lateral rectus palsy. 


CASE 2 

An 11 year old girl was admitted having been 
found semicomatose by her parents. For the 
previous three days she had been febrile with 
headache, cough, and malaise. Two family 
members also had influenza like symptoms. She 
had had an acute encephalitis at age 3, from 
which she had recovered, but had been left with 
residual behavioural problems, left divergent 
squint, precocious puberty, and mild optic atro- 
phy. This episode had also followed an upper 
respiratory tract infection and influenza A was 
isolated from a throat swab. Computed tomog- 
raphy of the brain at that time had shown linear 
hypodensities in the external capsule region on 
both sides. 

On this occasion she was drowsy but able to 
respond to commands on admission. Pale optic 
discs were noted as before. She was pyrexial and 
had brisk tendon reflexes with extensor plantar 
responses. The cerebrospinal fluid showed a 
raised protein concentration (1:2 g/l) with no 
white cells, 36 red cells/mm’, and normal glu- 
cose. Serum electrolytes, ammonia, hepatic 
function tests, copper, caeruloplasmin, lactate, 
and a full blood count were within normal 
limits, as were urine amino acids and organic 
acids. Trichrome staining of a muscle biopsy 
specimen showed no ‘ragged red muscle fibres’. 

She became unrousable by the second day 
and was unresponsive to pain with loss of the 
gag reflex. Central respiratory irregularities, 
namely hyperventilation and Cheyne-Stokes 
respiration became apparent, and she was intu- 
bated and ventilated. She was treated with acyc- 
lovir and dexamethasone. 

Computed tomography of the brain showed 
symmetrical well defined areas of low attenua- 
tion in both thalami extending to involve the 
capsular fibres. Further diffuse low attenuation 
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changes were seen within the pons and mid- 
brain. Some swelling of the brainstem was seen. 
Low attenuation changes considered longstand- 
ing and a result of her previous encephalitis 
were noted in the external capsules. Magnetic 
resonance imaging inversion recovery sequences 
of the brain showed low signal changes in the 
thalami and pons (fig 3). Axial T2 weighted 
images showed ring like areas of high signal 
intensity with central low signal in the pons (fig 
4). Complement fixation titres for influenza A 
virus were less than 16 on admission but 
increased to +256 by day 15. 

By day 17 of her illness it was possible to take 
her off the ventilator and extubate her. She 
opened her eyes to sensory stimuli but did not 
recognise her parents. Spasticity affected all 
four limbs; she was unable to swallow and 
required tube feeding. She remained in this 
‘sleeping beauty, akinetic mute’ state for three 
months without much change. Progress was 
very slow and five months after the onset of her 
illness she was still immobile with expression- 
less facies and paucity of movement. She could 
sit in a chair with support and recognise her 





Figure 3 Saggital inversion recovery magnetic resonance 
imagıng brain scan in case 2 showing low signal changes in 
the pons (arrowed). 





Figure¢ Axial T2 weighted magnetic resonance imaging 
brain scan in case 2 showing ring like areas of high signal in 
the pons (arrowed). 
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parents. Speech had not returned but she could 
use a simple communication board and under- 
stand simple sentences. 


Discussion 

These two children were considered to have 
influenza A encephalitis on the basis of the 
prodromal illness, clinical course, and virology 
studies. Clinically they resemble the six cases 
described by Delorme and Middleton, who 
developed fever, reduced consciousness, and 
neurological signs after influenzal symptoms.* 
Analyses of the cerebrospinal fluid were normal 
in these six cases apart from a slight increase in 
protein in one patient, but computed tomogra- 
phy was not done. 

True encephalitis is comparatively rare after 
influenza A but benign confusional states and 
minor neurological signs (for example, ocular 
muscle palsies) are observed more often. Para- 
infectious processes such as transverse myelitis 
and Reye’s syndrome are also observed,*!? 
although virus isolation from the brain or cere- 
brospinal fluid is infrequent.'! 1? Neurological 
symptoms and signs may appear several weeks 
after the infection making it difficult to estab- 
lish an aetiological link in some cases. 

The finding of focal low attenuation lesions in 
the frontotemporal regions on computed tomog- 
raphy can be helpful in the diagnosis of herpes 
simplex encephalitis.'? !* Computed tomogra- 
phy is usually diagnostically unrewarding in 
other forms of encephalitis. However, our find- 
ings suggest that there may be a typical appear- 
ance on computed tomography in influenza 
encephalitis, and this is in keeping with two 
reports from Japan describing similar localised 
hypodense lesions.2? Recognition of these 
tomographic abnormalities in patients with pos- 
sible influenzal encephalitis may aid diagnosis 
while viral titres are awaited. 

The findings on magnetic resonance imaging 
in brainstem encephalitis include pontine 
enlargement and increased signal lesions in the 
pons.!? 1° Magnetic resonance imaging is super- 
ior to computed tomography for detecting 
brainstem encephalitis, as seen in our second 
case where obvious pontine abnormalities were 
shown on magnetic resonance imaging but not 
well seen on computed tomography. A similar 
discrepancy between magnetic resonance imag- 
ing and tomography findings in brainstem 
encephalitis has been previously reported where 
discrete abnormal areas were seen in the pons, 
midbrain, and thalamus on magnetic resonance 


imaging but the computed tomogram had - 


revealed only a low density area in the pons." 

It has been observed that a normal computed 
tomogram on follow up correlates with full 
clinical recovery in viral encephalitis in 
general.!® 1° This is also seen in the previously 
reported case of influenza A encephalitis where 
the initial abnormal hypodense areas in the mid- 
brain, basal ganglia, and cerebral white matter 
had disappeared on follow up computed tomog- 
raphy and the patient made a good recovery.” 

The cause of these lesions is unknown. It has 


been postulated that hypodense areas on com- 


puted tomography in encephalitis reflect the 
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sequelae of ischaemia induced by compression 
of end arteries by brain oedema or may be due 
to localised areas of inflammation. It is known 
that the virus can have a direct cytopathic effect 
on vulnerable sites.? 7 

Our second case experienced two episodes of 
acute encephalitis when infected with influenza 
A, which could not be explained by any other 
identifiable cause. On both occasions there was 
virological evidence of recent influenza infec- 
tion. The original episode was associated with 
bilateral hypodense areas in the external capsule 
regions on computed tomography, with low 
attenuation lesions in both thalami, pons, and 
midbrain on the second scan. 

Localised hypodense lesions in the basal 
ganglia have also been described on computed 
tomography in encephalitis after infections with 
ECHO, mumps, measles, and Coxsackie 
viruses. !8 2° 2! Other causes of low density areas 
in the basal ganglia and thalamus have been 
described in disorders such as Leigh’s encepha- 
lopathy, Wilson’s disease, and mitochondrial 
cytopathies as well as carbon monoxide poison- 
ing and anoxia.” Wilson’s disease, Leigh’s 
encephalopathy, and mitochondrial cytopathies 
seem unlikely in view of the normal copper 
studies and lactate concentrations in both cases 
and the normal muscle biopsy specimen in 
case 2. 

Circumstantial evidence has implicated the 
influenza virus as the cause of the encephalitis 
lethargica epidemic of the 1920s.?? Similar iso- 
lated cases have been described from year to 
year often at the time of influenza epidemics.” ?? 
von Economo first described the illness, post- 
ulated a viral aetiology, and reported foci of 
inflammation in the grey matter of the midbrain 
and basal ganglia.” The manifestations of 
encephalitis lethargica were variable but a num- 
ber of clinical features have been proposed as 
major criteria to support the diagnosis.” Our 
first case showed signs of basal ganglia involve- 
ment with choreoathetoid movements, ophthal- 
moplegia, and somnolence. Our second case 
exhibited akinetic mutism, central respiratory 
irregularities, and somnolence. Combined with 
the acute encephalitic illness, our cases fulfil the 
criteria to support the diagnosis of encephalitis 
lethargica. We are aware that unexpected 
neurological sequelae such as parkinsonism 
with oculogyric crises can appear after apparent 
recovery as long as four years later. 
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Addendum 

Since this paper was accepted for publication 
case 1 was readmitted to hospital after a sei- 
zure at home. Vomiting and a further seizure 
occurred after admission. He was drowsy and 
febrile but there was no neck stiffness and no 
focal neurological findings. Blood urea, electro- 
lytes, glucose, prothrombin time, liver function 
tests, haemoglobin, and platelets were normal. 
Total peripheral white cell count was low at 
2:2x10°/. 

He was given an intravenous loading dose of 
phenytoin. Computed tomography showed no 
changes. The cerebrospinal fluid was sampled 
and contained one lymphocyte/mm?, a normal 
glucose, but a raised protein concentration of 
1-6 g/l, and a pressure of 35 cm H,O. Further 
short seizures occurred and then a respiratory 
arrest requiring resuscitation and mechanical 
ventilation. Despite passive hyperventilation 
and mannitol his pupils remained fixed and 
dilated: Brainstem function tests showed no 
activity and ventilatory support was withdrawn 


‚after a period of 12 hours. Permission for post- 


mortem examination was not given. Subse- 
quently the results of viral antibody titres sent 
on admission became available. All were nega- 
tive including influenza A and B. 


COMMENT 

The previous encephalitis had occurred in as- 
sociation with a serologically proved influenza 
infection. This fatal illness a year later raises the 
possibility that the original illness could have ' 
been some kind of metabolic encephalopathy 
precipitated by the influenza, although detailed 
metabolic investigations were negative. 
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Occurrence, clinical manifestations, and prognosis 
of Guillain-Barré syndrome 


H Rantala, M Uhari, M Niemelä 


Abstract 

In order to obtain more information on the 
incidence of Guillain-Barré syndrome and 
recent developments in its prognosis, we 
analysed the severity and prognosis of 
Guillain-Barré syndrome in children diag- 
nosed and treated during the years 1980-6 
throughout Finland. The criteria for Guillain- 
Barré syndrome were fulfilled in 14 boys and 
13 girls. The mean annual number of cases of 
Guillain-Barré syndrome was thus 3-9, giving 
a mean annual incidence of 0-38/100 000 of 
population under 15 years of age (95% confi- 
dence intervals 0-25 to 0-56/100 000). The 
incidence of Guillain-Barré syndrome causing 
permanent neurological defects in children 
under 15 years of age was 1-4/10 million 
annually (95% confidence intervals 0-035 to 
7-8/10 million). Our figures appeared to be 
one fourth to a half of that reported earlier in 
children and even lower than those in adults. 
Although there were no deaths among our 
patients, mortality from Guillain-Barré syn- 
drome seems to have remained similar for the 
last 20 years despite current awareness of the 
possibility of cardiac arrest and respiratory 
failure. 


The overall annual incidence of the Guillain- 
Barré syndrome has been estimated to be 1:7/ 
100 000 persons,’ but no separate incidence 
figures are available for children. Similarly our 
knowledge of the impact of Guillain-Barré syn- 
drome at the population level is incomplete. In 
general, reports concerning Guillain-Barré syn- 
drome in children are based on patients treated 
in one referral hospital, -° which may cause bias 
in assessments of the severity of Guillain-Barré 
syndrome, as the worst cases are most likely to 
be reported. On the other hand, its severity and 
prognosis in childhood have been evaluated in 
surveys involving patients treated mainly dur- 
ing 1960-70.'~’ In these series mortality varied 
up to a maximum of 9%,° most of the deaths 
being caused by cardiac arrest or respiratory 
failure. It may be that the awareness of these 
events and the better possibilities for treating 
such patients have improved the prognosis for 
Guillain-Barré syndrome during the last 10 
years. 

In order to obtain more information about 
the incidence of Guillain-Barré syndrome and 
recent developments in its prognosis, we analy- 
sed its severity and prognosis in children, 
reviewing the literature and the records of 
patients diagnosed and treated during the years 
1980-6 over the whole of Finland. 


Patients and methods 

SOURCES OF DATA 

The Finnish National Board of Health keeps a 
central database on the diagnosis, sex, and age 
of the patients discharged from all the hospitals 
in the country. Patients discharged during the 
period from 1 January 1980 to 31 December 
1986 from paediatric wards with a diagnosis of — 
any kind of polyneuropathy were listed and 
their case histories reviewed by us. The mean 
population at risk in Finland during 1980-6 was 
1-02 million. 


CRITERIA FOR GUILLAIN-BARRE SYNDROME 
The findings listed by the Guillain-Barré syn- 
drome study group were used as criteria (table 
1).? The case histories of 83 children were 
reviewed by a paediatric neurologist (HR) and 
14 boys and 13 girls were found to fulfil the cri- 
teria. 


STATISTICAL METHODS 

The occurrence of cases of Guillain-Barré syn- 
drome was assumed to follow an even distribu- 
tion in time and place. Confidence intervals 
were calculated based on a Poisson distribution. 


Results 

The mean annual number of cases of Guillain- 
Barré syndrome was 3:9, giving a mean annual 
incidence of 0°38/100 000 of population under 
15 years of age (95% confidence intervals 0°25 to 
0-56/100 000). The incidence of Guillain-Barré 
syndrome causing permanent neurological 
defects in children under 15 years of age was 
1-4/10 million annually (95% confidence inter- 
vals 0-035 to 7°8/10 million). The patients were 
evenly distributed in terms of age, which varied 
between 0°4 and 14°3 years. A preceding infec- 
tion was verified in 23 patients with respiratory 
symptoms occurring most frequently (n=18). A 
vaccination before the symptoms was recorded 
in 11 patients. 

The disease began from the lower extremities 
in 25 patients, one had paresis of the urinary 
bladder as the first sign of the disease, and one 
had paraesthesia (table 1). Nine had facial palsy, 
three had paresis of the abducens nerve, one 
had a bilateral hypoglossus paresis, and two had 
bulbar paresis. Twenty children had pain in the 
back or in the lower extremities two to 14 days 
before the onset of the neurological defects. 
Four children had meningism. An increase in 
blood pressure requiring medical treatment was 
found in one patient. 


Occurrence, clinical manifestations, and prognosis of Guillain-Barré syndrome 
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Table I Diagnostic criteria for the Guillain-Barré 
syndrome as laid down by the Guillain-Barré syndrome study 
group,” and numbers of patients fulfilling the criteria in the 
present series 


Criteria No of 
patients 


Features required for diagnosis: 


Progressive motor weakness in more than one limb 27 
Areflexia or appreciable hyporeflexia 27 
Cerebrospinal fluid cell counts of no more than 

50/mm? monocytes or 2/mm? polymorphonuclear 


leukocytes 26* 
Features strongly supportive of the diagnosis: 

Progression over some days to a few weeks 27 
Cranial nerve involvement ` 13 
Onset of recovery two to four weeks after halfin 

progression : 27 
Raised cerebrospinal fluid protein after one week 

of symptoms 26* 
Abnormal electrodiagnostics with slowed 

conduction or prolonged F waves 20 


*Lumbar puncture was not performed on one patient because of 
a suspicion of increased intracranial pressure. 


A lumbar puncture was performed in all cases, 


except one, where it was avoided because of a 
suspicion of increased intracranial pressure. 
Protein concentration in the cerebrospinal fluid 
was increased in all the patients (mean (SD) 
1177 (774) mg/l). None had pleocytosis. 
Five children needed assisted ventilation, all 
of whom received corticosteroids, and a plas- 
mapheresis was performed on three of them. No 
one else received corticosteroids or plasmapher- 
esis. The symptoms worsened over one to 33 
days (mean 8°5 days), but none of the patients 
died. The duration of hospitalisation varied 
from four to 70 days (mean 34:1 days). 
Eighteen children required physiotherapy for 
a period of three weeks to 22 months (mean 155 


- days) after discharge from hospital. All the chil- 


dren became symptomless in 22 days to 22 


_months (mean 158 days), except for one girl 


who still has a severe sensory neuropathy 5-5 
years after the acute phase. 


Discussion 

The annual incidence of Guillain-Barré syn- 
drome in children under 15 years of age 0°38/ 
100 000 is very low compared with that in 
adults. Kennedy et al found a lower incidence of 
Guillain-Barré syndrome among patients less 


than 40 years of age than in older ones, the inci- 


dence rates being 1-1 and 3:3/100 000 of popu- 
lation, respectively. They did not give any 
separate incidence figures for children, how- 
ever. Our figures are one fourth or a half of 
those reported in Western Australia, which 
were 1°13/100 000 in children of 0-9 years of 
age and of 0°62/100 000 in patients of 10-19 
years of age.!” The figures are not fully compa- 


rable, however, as the numbers of children 


under 15 years of age are not available from 
their data.'° 

Our study covered the whole population for 
seven years, during which there was a cluster of 
Guillain-Barré syndrome temporally associated 
with an oral polio vaccine campaign.'! Thus our 
figures, if anything, are somewhat higher than 
the real incidence. The cases were collected 
starting with a loose initial diagnosis to ensure 
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that all cases were found. The heads of the 
paediatric wards in the country were aware that 
we were collecting cases of Guillain-Barré syn- 
drome during 1980 to 1986 and this improved 
our coverage. Thus it is very unlikely that any 
significant number of cases were left unre- 
corded. Sometimes Guillain-Barré syndrome is 
difficult to diagnose, however, and those with a 
totally wrong diagnosis or a mild clinical symp- 
tomatology with myalgia and temporal muscu- 
lar weakness could have been left out of our 
survey. i 

Although the acute symptoms were severe in 
most cases, the outcome was good. The symp- 
toms of Guillain-Barré syndrome did not differ 
significantly from those in earlier reports," but 
the great number of children with severe muscle 
pain was striking and caused differential 
diagnostic difficulties. There was no mortality, 
and the incidence of late séquelae was only 1°4/ 
10 million children under 15 years of age. Ear- 
lier reports have mentioned mortality due to 
cardiac arrest or respiratory insufficiency 
because of either bulbar paresis or paresis of the 
respiratory muscles.°® Cole and Matthew 
emphasised the importance of the possibility of 
aspiration, which may unexpectedly precipitate 
the need for mechanical ventilation. Oral feed- 
ing should be avoided in the presence of bulbar 
involvement and poor respiratory function. 
Fluid balance should be ensured by intravenous 
infusion whenever there is any indication of 
autonomic disturbances and whenever oral 
feeding has been denied. Pulmonary collapse or 
consolidation was not a problem in our patients, 
which may indicate that the doctors were aware 
of the dangers of oral feeding in cases of 
Guillain-Barré syndrome. None of our patients 
had cardiac involvement, nor were reports 
found of cardiac arrhythmias treated with a 
pacemaker. The use of artificial pacing might 
nevertheless be one important improvement 
achieved in the treatment of Guillain-Barré 
syndrome. 

The five children with the most severe symp- 
toms in our survey needed assisted ventilation 
and received corticosteroids, and plasmapher- 
esis was also performed on three of them. All 
returned to full health without any sequelae. 
The prognosis cannot be predicted on the basis 
of the severity of the acute phase.® There is no 
evidence of corticosteroids being effective.'* In 
the controlled trials of plasmapheresis in adults 
it has been found to be either ineffective or to 
have shortened the duration of severe weakness 
and assisted ventilation, but no effect has been 
reported on the mortality.” "? '* The experience 
of plasmapheresis in Guillain-Barré syndrome 
in children is limited. Khatri et al reported good 
clinical responses in their uncontrolled series of 
11 children with Guillain-Barré syndrome. '5 If 
plasmapheresis is to be used it should be 
employed in the early phase of the disease and 
by those who have experience with intensive 
plasmapheresis in paediatric patients. "° Recently 
it has been reported that intravenously adminis- 
tered immune serum globulin may be beneficial 
in childhood Guillain-Barré syndrome. '° 

No temporal trend in the prognosis was 
found in the combined data on Guillain-Barré 
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Table2 Prognosis for Guillain-Barré syndrome in different studies 


Authors Time No of 
patients 
Markland and Riley’ 1951-63 19 
Paulson® 1961-8 46 
Briscoe et al’? 1970-85 24 
Evans! 1971-7 18 
Hogg et al"? 1972-6 5 
Kleyweg et al” 1975-87 18 
Cole and Matthew 1977-84 il 
Present series 1980-6 27 
Combined 168 


*Only those needing assisted ventilation were included. 


syndrome in children (table 2). Although we 
found no mortality, our survey did not signifi- 
cantly differ from those reported earlier. The 
frequency of the need for assisted ventilation of 
5/27 is a common figure, indicating that our 
patients represent a typical series of cases of 
Guillain-Barré syndrome despite being based on 
a nationwide survey. 

Although Guillain-Barré syndrome is a rare 
disease with a relatively good long term out- 
come, it causes a long period of hospitalisation 
and a prolonged need for rehabilitation. The 
Guillain-Barré syndrome is still a serious and 
sometimes life threatening condition. 


This research was supported financially by the Paulo Founda- 
tion, Helsinki, Finland. 
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Selection No(%) of Assisted 

deaths ventilation 
Hospital 0 — 
Hospital 4(9) II 
Hospital 1(4) I 
Hospital 0 2 
Population 1 (20) l 
Hospital 2a 4 
Hospital” 2 (18) il 
Population 0 5 

10 (5:9) 35 

Commentary 


Rantala and colleagues report an age specific 
annual incidence of 0°38/100 000. Similar 
figures have been reported from Denmark,' 
Norway,” and the USA.? The last mentioned 
study reported a linear increase in incidence 
with increasing age throughout childhood and 
adult life. These reports, however, can only 
describe the course of the condition in cases in 
whom the correct diagnosis is made. 

Hospital based reports have emphasised the 
difficulties of diagnosis, especially in children. 
Three of the last five personal cases have been 
referred for the first time after cardiac arrest 
and still bearing other diagnoses. Of the remain- 
ing two, one had been misdiagnosed as encepha- 
litis and the other had prominent pain and 
cramps, preserved reflexes and reasonable pre- 
servation of power at the time when cerebrospi- 
nal fluid examination and neurophysiology con- 
firmed the diagnosis. 

The classical signs of limb weakness and 
hyporeflexia may be unimpressive early in the 
illness. Again, abnormalities of cerebrospinal 
fluid protein and nerve conduction velocity may 
not be striking early in the illness. The Guillain- 
Barré study group listed,* in addition to those 
features tabulated by Rantala et al, the following 
other clinical features strongly supportive of the 
diagnosis: mild sensory signs or symptoms, 
autonomic dysfunction, initial absence of fever, 
and relative symmetry of impairment. The 
diagnosis should be considered in any child with 
acute or subacute unexplained ataxia, cranial 
nerve palsies, weakness or pain in the trunk 
and/or limbs. Patients with Guillain-Barré syn- 
drome may be misdiagnosed as having encepha- 
litis (which may also accompany the Guillain- 
Barré syndrome), myositis, cachexia, arthralgia, 
arthritis, transverse myelitis, behaviour dis- 
order, or hysteria. Prominent cranial nerve 
involvement may lead to an apparent absence of 
brainstem reflexes and be ‘misinterpreted as 
coma, particularly if accompanied by limb para- 
lysis. The Miller-Fisher variant may present 
with cranial nerve involvement ataxia and prop- 
rioceptive loss without detectable motor weak- 
ness. 

The differential diagnosis of subacute poly- 
neuropathy includes glue sniffing, diphtheria, 
botulism, heavy metal poisoning, poliomyelitis, 
organophosphate poisoning, myasthenia gravis 
(tick paralysis), and rabies. 

The series of Rantala et al is similar to others 
in reporting the need for assisted ventilation 
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in between 10-20% of cases. Such severely 
affected cases have an appreciable mortality. 
Meticulous intensive nursing and medical care 
are essential for proper management.’ Pneumo- 
nia, autonomic instability, pulmonary embol- 
ism, hyponatraemia, and encephalopathy are 
well recognised complications. Cardiac arrest, 
particularly precipitated by external stimuli, 
such as tracheal suction, was reported by Cole 
and Matthew® in five of 11 patients (including 
two with a more chronic polyneuropathy) 
requiring ventilation. In the presence of sub- 
stantial fluctuations in blood pressure, central 
venous pressure monitoring is essential, parti- 
cularly as excessive sweating and disturbed gut 
function may also increase parenteral fluid 
requirements. Oral fluids should be avoided 
because of the risk of aspiration and consequent 
respiratory failure. Total paralysis without 
impairment of awareness can be a terrifying 
experience: reassurance and good communica- 
tion with the patient are therefore especially 
important. Sedatives may be helpful, although 
cardiovascular and respiratory side effects may 
be potentiated by the neuropathy. 

Although disability after recovery is exceptio- 


_nal in children (and in most adult series), plas- 


mapheresis has been justified in non-ambulant 
adults on the grounds that it speeds recovery 
and shortens the duration of hospital stay 
substantially.* Epstein and Sladky reported a 
mean time to independent ambulation of 25:4 


days in nine children treated with plasmapher- 


esis compared with 60°2 days in 14 historical 
controls.’ In that study, only one child in each 
group required ventilation. However, plas- 
mapheresis has its own morbidity, particularly 
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when applied to infants. Steroids are not helpful 
and may predispose to relapse.” Recently, intra- 
venous gammaglobulin has been reported to be 
helpful in Guillain-Barré syndrome by Kleyweg 
et al,® and subsequently by Shahar et al,’ using 
doses ranging from 0-4-1 g/kg/day in a small 
number of children. Further controlled studies 
are needed before routine use of these treat- 
ments can be recommended for childhood 
Guillain-Barré syndrome. 

In summary, Rantala and colleagues report 
that Guillain-Barré syndrome is uncommon and 
that complete recovery is the rule. However, 
there may be an unmeasured mortality in undi- 
agnosed cases: a high index of suspicion is 
required. 


CR KENNEDY 

Department of Child Heatth, 
Southampton General Hospital, 
Shirley, Southampton SO9 4XY 
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The Herbst triad 


Gastro-oesophageal reflux may present in unusual ways. Perhaps 
the most unusual is Sandifer’s syndrome! but asthma and 
recurrent apnoea in infancy are well known. A report in the 
Fournal of Pediatric Surgery (P Sacker, U G Stanffer, 1990;25: 
1238-9) describes two children with another unusual syndrome, 
previously unknown to me, the Herbst triad. This consists of 
finger clubbing, hypoproteinaemia due to protein, losing entero- 
pathy, and gastro-oesophageal reflux but it could be expanded toa 
tetrad with the addition of severe iron deficiency anaemia. 

The clubbing and the hypoproteinaemia resolved after fundo- 
plication suggesting that the enteropathy is secondary to the 
‘reflux. The mechanism is not known but the authors suggest that 
gastro-oesophageal reflux may lead to an alteration in gut flora 
which in turn might cause the enteropathy. Some of the patients 
have the head and neck movements of Sandifer’s syndrome. Who 
will tell me the cause of the clubbing? 
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Miller-Dieker syndrome with ring chromosome 17 


N Sharief, J Craze, D Summers, L Butler, C B S Wood 


Abstract 

A girl presented at 6 weeks of age with failure 
to thrive and arching of the back. She had 
various dysmorphic features, hepatospleno- 
megaly, and developmental delay. The elec- 
troencephalogram and cranial ultrasound 
were abnormal, and a computed tomogram 
showed lissencephaly and apparent agenesis 
of the corpus callosum. Because of frequent 
aspiration she became oxygen dependent. She 
later developed intractable convulsions and 
died at the age of 9 months. 


Miller described two and Dieker et al described 
four infants all of whom had microcephaly, 
developmental delay, hypotonia, opisthotonos, 
micrognathia, ear anomalies, and lissen- 
cephaly.' * Other non-consistent features in- 
cluded seizures, bitemporal grooving of a high 
forehead, anteverted nares, cardiac defects, and 
undescended testes. The eponym Miller-Dieker 
syndrome was proposed by Jones er al.° 
Dobyns et al described three patients and 
reviewed five additional patients from the litera- 
ture, all of whom had Miller-Dieker syndrome 
and an abnormality of 17p.* They proposed that 
monosomy of distal 17p may be the cause of 





Figure] Facial appearance of the present case. 


small with anteverted nostrils, and the jaw was 
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Figure 2 Computed tomogram showing a smooth cortex 
with absence of normal gyral pattern (lissencephaly). The 
lateral ventricles are widely separated with the third ventricle 
reaching up in between them suggesting agenesis or 
hypoplasia of the corpus callosum. 


age was just below the third centile. She develo- 
ped a divergent squint but examination of the 
eyes, including the corneas and fundoscopy, 
was normal. Her development remained static, 
compatible with that of a floppy newborn baby. 
Her convulsions started at 15 weeks of age and 
progressed with increasing frequency in spite of 
treatment with different anticonvulsants. She 
developed cafe au lait spots at 6 months. At 8 
months her fits became intractable, and she 
died when she was 9 months old. 

At postmortem examination there were signs 
of bronchopneumonia. The brain was small and 
agyric with a thin corpus callosum. The cortical 
ribbon was three times the normal thickness, 
the white matter was meagre, and within it were 
numerous nodular grey heterotopias surround- 
ing the ventricles. Other features were small 
frontal and large occipital horns, dentate dys- 


plasia and grey-heterotopias-in the cerebellum, —pl3°3-’-More -recently application of DNA 


and inferior olivary heterotopia in the medulla. 


CYTOGENETIC STUDIES 

Standard chromosome preparations were 
obtained from short term cultures of lympho- 
cytes stimulated with phytohaemagglutinin in 
Iscove’s medium. Higher banding resolution 
was achieved by incorporating ethidium bro- 
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Figure3 Homologues of chromosome 17 from three cells. 
The arrow indicates the site of union of the short and long 
arms in the ring formation, indicating only a small terminal 
deletion of each arm. 


letion being of equivalent size to that found in 
the Miller-Dieker syndrome. The karyotypes 
of both parents were normal. 


Discussion 

Stratton et al reviewed the cytogenetics of the 11 
reports of Miller-Dieker syndrome: nine sho- 
wed monosomy for the terminal region of 17p 
down to band p13.” No deletion was present in 
one (case 2 reported by Dobyns et al*), and in 
another family (Norman et al'°) where parental 
chromosomes were normal, the affected sub- 
jects did not have the typical Miller-Dieker syn- 
drome facies.” To the above nine cases can be 
added the 12 year old boy with typical facies and 
terminal 17p deletion reported recently by Sely- 
pes and Laszlo.'' In this case lissencephaly was 
also shown on the computed tomogram. Strat- 
ton et al concluded from the extent of the 
various deletions for 17p that the critical region 
for Miller-Dieker syndrome is the sub band 





probes has provided substantial evidence to 
support this. Schwartz et al, and Van Tuinen et 
al, have shown that there are submicroscopic 
deletions of this sub band in patients with 
Miller-Dieker syndrome who were previously 
thought to have had normal chromosomes. '? 1? 

There are to our knowledge five previous 
reports of liveborn patients with non-mosaic 
ring chromosome 17.** The 20 week fetus with 


mide into the culture medium and exposing the _r(17). described by Weinberg er aLand-the-4-year 


slides briefly to trypsin before Giemsa staining 
in the usual way. 

The chromosome count was 46 with a 
karyotype in which one of the chromosomes 17 
was replaced by a ring structure (46, XX, 
(r) (17)). The size of the ring and the relative 
position of bands q24°3 and p12 indicated that 
the break points were probably at pl3-1 and 
q25'3 prior to the fusion leading to the ring for- 
mation (fig 3). There is thus a terminal deletion 
of both long and short arms, the short arm de- 


old girl with mental retardation and growth fai- 
lure found to be a mosaic 46X X/46XX,r(17) by 
Petit and Koulischer are excluded from this 
discussion.'* '° In addition, the report by Bur- 
dea et al (who described a father and son with 
apparent ring chromosome 17, the son being 
microcephalic and with mental retardation) will 
not be considered here as the identity of the 
chromosome was not confirmed by banding.'® 

These five patients had enough clinical 
abnormalities in common for a ‘ring 17 chromo- 
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some’ syndrome to be proposed by Carpenter ei 
al.’ The most common features are mental and 
motor retardation, growth retardation, micro- 
cephaly, flattened nasal bridge, anteverted nos- 
trils, epicanthus, clinodactyly, hypotonia, sei- 
zures, cafe au lait spots, and a transverse pal- 
mar crease. The patients of Dobyns et al and 
Chudiey et al with ring 17 reinforced this 
impression with further evidence that loss of 
material from chromosome 17 was the cause of 
this clinical appearance.* ® Two of the cases also 
had lissencephaly, but only one had a defective 
corpus callosum.? ” The break points in their 
ring chromosomes must therefore render them 
monosomic for the critical region distal to 
17p12. The patients of Ono et al, Qazi et al, and 
Chudley et al had neither lissencephaly nor a 
typical Miller-Dieker syndrome phenotype sug- 
gesting that the short arm region including 
17p13 was almost entirely preserved in 
them.” ° ® A comparison of the clinical features 
of ring 17 phenotype and Miller-Dieker syn- 
drome is shown in table 1, together with the cli- 
nical details of the present case. 

Our patient exhibited features of both ring 
chromosome 17 (psychomotor and growth 
retardation, microcephaly, flat nasal bridge, 
anteverted nares, fits and cafe au lait patches), 
and of Miller-Dieker syndrome (lissencephaly, 
antenatal and postnatal growth retardation, 
bitemporal hollowing, anteverted nares, long 


Comparison of clinical features of present case, 
Miller-Dieker syndrome, and ring chromosome 17 


Clinical features Miller-Dieker Ring Present 
syndrame ll case 
Growth retardation Yes Yes Yes 
Mental retardation Yes Yes Yes 
Microcephaly Yes Yes Yes 
Lissencephaly Yes No Yes 
Prominent occiput Yes No No 
Narrow forehead/excessive 
wrinkled skin Yes No Yes 
Hypertelorism Yes Yes Yes 
Epicanthus No Yes No 
Palpebral fissures slanting 
downwards Yes No Yes 
Ptosis Yes No No 
Divergent squint No No Yes 
Clouded cornea Yes No No 
Small nose Yes No Yes 
Broad nasal bridge No Yes Yes 
Prominent bulbous nose No Yes No 
Anteverted nostrils Yes Yes Yes 
Puckered lips Yes No Yes 
Malformed ears Yes Yes Yes 
Ears rotated posteriorly Yes No Yes 
Micrognathia No Yes Yes 
High arched palate No Yes No 
Widely spaced nipples No Yes No 
Arachnodactyly No Yes No 
Low set thumbs No Yes No 
Polydactyly Yes No No 
Coxa vara No Yes No 
Abnormal palmar creases No Yes Yes 
Cafe au lait spots No Yes Yes 
Hirsutism Yes Yes No 
Hypotonia Yes Yes Yes 
Seizures Yes Yes Yes 
Heart defect Yes Yes No 


Renal defect Yes No No 
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philtrum, thin upper lip, micrognathia, fits, 
and developmental delay). Chromosome analy- 
sis confirmed the presence of r(17) with break- 
points indicating that she was monosomic for 
the Miller-Dieker syndrome critical region 
17p13°3. She also had hypoplasia of the corpus 
callosum similar to cases 1 and 3 reported by 
Dobyns et al.* The agenesis of the corpus callo- 
sum has been reported in a girl with partial del- 
etion of distal 17q.!” Our patient and case 1 of 
Dobyns et al were also monosomic for distal 17q 
but case 3 of Dobyns et al with t(7:17) transloca- 
tion was not, as the q arm was not affected.‘ It is 
unlikely therefore that monosomy 17q is the 
only determining factor for this congenital mal- 
formation of the brain. Our patient had nodular 
heterotopia within the white matter and bi- 
lateral olivary heterotopia of the medulla, as 
previously reported.! ? 1° 

In conclusion, we have presented a case in 
which the features of Miller-Dieker syndrome 
and r(17) were present. As far as we know it is 
the first case reported from the United King- 
dom. 


We thank Dr Brian Harding, department of histopathology, 
Hospital for Sick Children, for undertaking the neuropathologi- 
cal examination, and Mrs Gloria Parkin for preparing the manu- 
script. 
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Abstract ; 

A retrospective study was undertaken of 120 
children with systemic lupus erythematosus 
(SLE) seen in Paris and its immediate suburbs 
who fulfilled at least four of the American 
College of Rheumatology diagnostic criteria 
for SLE, and in whom the disease was 
diagnosed before the age of 16 and between 
January 1975 and December 1987. Eleven of 


these children (eight girls and three boys) all 


‘more than 10 years of age (mean follow up 8-1 
years; range 3-13) had thrombotic episodes 
(9%). Thrombosis was one of the presenting 
signs in seven patients; in five it was associ- 
ated with typical symptoms of SLE, and in the 
other two the thrombotic episode was isolated 
and diagnosis of SLE was delayed one and 
three years. Of a total of 16 thrombotic epi- 
sodes (six of which were recurrent), 14 
involved the leg veins, and in four there was 
associated pulmonary embolism. There were 
two episodes that affected cerebral arteries. 
The American College of Rheumatology 
diagnostic criteria for SLE as well as the inci- 
dence of lupus anticoagulant, positive direct 
Coombs test, and vasculitis in this group of 
patients was compared with the incidence in 
patients with SLE but no thrombosis. Only 
lupus anticoagulant was significantly associ- 
ated with thrombotic episodes: eight of 11 
(73%) of patients with SLE and thrombotic 
(arterial or venous) episodes had lupus anti- 
coagulant compared with only 10 of 74 


"patients (14%) with no history of thrombotic 


events in the same age group. 


Arterial and venous thrombosis in the absence 
of certain risk factors (infection, operations, and 
vascular abnormalities) are exceptional in 
children. Case reports have been published 
about thrombotic episodes in children with sys- 
temic lupus erythematosus (SLE).'” Because 
large series of children with SLE hardly men- 
tion thrombotic complications it is not possible 
to evaluate their prevalence or associated clini- 
cal and laboratory features in this age group. 


. Venous and arterial thromboses are important 


in adult SLE, but it is difficult to evaluate their 
incidence because series are not always compa- 
rable. In a prospective study, Alarcon Segovia et 
al followed up 500 patients with SLE and found 
that 43 had thrombophlebitis (recurrent in 14) 
and 16 had arterial occlusions.* The leg veins 
were the most commonly reported site.” Arterial 
thromboses are less common, and they usually 
affect the intracranial or extracranial cerebral 


arteries, in particular the territory supplied by 
the middle cerebral artery. ° 

In this paper we report the incidence of 
thrombotic episodes in a large series of children 
with SLE, and examine other clinical and 
laboratory features of SLE that may occur in 
association with these episodes. 


Patients and methods 
In 1986 we began a collaborative study of 
patients who fulfilled at least four of the 
diagnostic criteria for SLE as defined by the 
American College of Rheumatology,' as well as 
the following conditions: patient admitted to 
hospitals in Paris or its immediate suburbs 
(departments 92, 93, and 94) in whom the 
disease was first diagnosed before the age of 16 
and between January 1975 and December 1987. 
Drug induced disease was excluded. Given the 
nature of the French health system we can 
assume all children with SLE were admitted to 
hospital at least once and were therefore 
recorded in our study. Of the 120 patients who 
fulfilled these conditions 11 patients presented 
with thrombotic episodes and are described in 
detail. Because all patients with thrombotic 
episodes were between 10 and 16 years of age, 
their clinical and laboratory features were com- 
pared with those of 81 patients who did not 
develop thrombosis in the same age range. The 
significance of differences between groups was 
calculated by the x? test with Yates’s correction. 

In addition, we describe two interesting 
patients with thrombotic episodes who were 
thought to have SLE. They are excluded from 
our SLE group because we applied the Amer- 
ican College of Rheumatology criteria strictly 
and they fulfilled only two or three of them. 

Routine and immunological laboratory stu- 
dies were done in different laboratories of the 
various hospitals, using standard techniques, 
and included antinuclear antibodies, anti-DNA 
antibodies, positive lupus erythematosus cell 
preparation, presence of antibodies to extract- 
able nuclear antigens (ribonucleoprotein anti- 
gen or RNP, Sm antigen, Ro/Sjögren syndrome 
A antigen or Ro/SSA, La/Sjégren syndrome B 
antigen or La/SSB) and direct Coombs test. In 
addition, a false positive syphilis serology was 
ascertained when the Venereal Disease 
Research Laboratory reaction was positive and 
the Treponema pallidum haemagglutination or 
the fluorescent treponemal absorption test were 
negative. 

On initial admission before treatment, most 
children had had complete coagulation profiles 
done including prothrombin time, kaolin 
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cephalin clotting time (KCCT), platelet count, 
and individual factor assays. If either the 
prothrombin time or KCCT were prolonged, 
the presence of lupus anticoagulant was 
detected by measuring KCCT on a 1:1 mixture 
of citrated patient’s plasma and pooled normal 
plasma. The presence of lupus anticoagulant 
was confirmed if a prolonged KCCT was not 
corrected by mixing it 1:1 with pooled normal 
plasma, which would be the case if the pro- 
longed KCCT was the result of a deficit in 
coagulation factors. 


Results 

CLINICAL AND LABORATORY FEATURES OF 
PATIENTS WITH SLE AND THROMBOTIC EPISODES 
Eleven patients (eight girls and three boys) had 
at least one thrombotic episode (tables 1 and 2). 
All were over 10 years of age (mean age 11-8) 
and had a mean follow up of 8-1 years (range 


3-13 years). Two girls were sisters (cases 6 and 
7); they have been mentioned elsewhere.? 

In seven children the thrombosis was one of 
the presenting symptoms. In five it was associ- 
ated with typical symptoms of SLE, while in 
two it was isolated, and the diagnosis of SLE 
was only made one year (case 3) and three years 
(case 11) after the onset of disease. Six patients 
had only one thrombotic episode each, but five 


‘had more than one: recurrent venous thrombo- 


sis (n=4), venous thrombosis and pulmonary 
embolism (n=2), and arterial and venous 
thrombosis (n=1). Of a total of 16 thrombotic 
episodes, 14 were in leg veins, and in four in- 
stances they were associated with pulmonary 
embolism. Two affected the territory of the 
middle cerebral arteries. Nine patients had 
venous thrombosis of leg veins: superficial veins 
(n=5), both superficial and deep veins (n=2), 
and deep veins (n=2). Deep venous thrombosis . 
was confirmed by phlebography and pulmon- 


Table I Clinical characteristics of 11 patients with systemic lupus erythematosus who developed thromboses 





Case Sex Age at Thrombosis Other clinical signs Foliow up (years) 
No onset a eS er and outcome 
of disease Site Time after onset 
(years) of disease (years) 
l M 110 Superficial vein, left lower 1'3 and 7°6 Oral ulcers, vasculitis, pleural 10-0, clinical 
leg (two episodes) effusion, thrombocytopenia, remission 


2 M 141 Deep leg veins 
Left femoropopliteal 4°5 
Left iliofemoralpopliteal 72 


3 F 10°] Superficial femoral vein At onset 
and pulmonary embolism 

4 F 13°8 Deep and superficial At onset 
iliofemoral veins 

5 F 11-6 Right iliofemoral vein and 2°6 
pulmonary embolism 

6 F 10°7 Superficial right leg vein At onset 

7 F 119 Superficial lower leg vein At onset 
and pulmonary embolism 
Deep iliofemoral vein 5°8 

8 F 10-4 Superficial left leg vein 1°8 

9 F 114 Superficial right leg vein At onset 
(two episodes) and 
pulmonary embolism 

10 F 11°8 Inferior vena cava and left At onset 
iliofemoral vein 

Left middle cerebral 8:0 

artery territory 

H M 143 Right middle cerebral At onset 


artery territory 


leucopenia, proteinuria (focal 
glomerular nephritis) 
Malar rash, vasculitis, pancytopenia, 63, clinical 


nephrotic syndrome (proliferative remission 
glomerular nephritis) 
Photosensitivity, polyarthritis, 4-5, clinical 
leucopenia remission 
Malar rash, photosensitivity, 3:2, clinical 
vasculitis remission 
Malar rash, vasculitis, 10°5, clinical 
photosensitivity, polyarthritis remission 
Oral ulcers, Raynaud’s disease, 3-8, death 


vasculitis, arthritis, pericarditis, 
thrombocytopenia, leucopenia, 


proteinuria 

Vasculitis, polyarthritis, proteinuria 11:9, clinical 

proliferative glomerular nephritis, remission 
fetal death at 30 weeks 

Malar rash, nephrotic syndrome 10°9, death 
{proliferative glomerular nephritis) 

Haemolytic anaemia, 13°5, clinical 
thrombocytopenia, proteinuria remission 
{membranous glomeruiar nephritis) 

Malar rash, right side 12-0, clinical 

paraesthesiae remission 

Malar rash, thrombocytopenia, 3:0, death 


leucopenia, proteinuria, left 
hemiplegia, choreic like movements, 
headaches, left hypoacousia, dysarthria 


Table 2 Laboratory features in 11 patients with systemic lupus erythematosus and thrombosis and in control subjects 


Case Anti-DNA Antinuclear Antibodies to False positive Coombs Lupus 
No antibody antibody extractable nuclear serology test anticoagulant 
antigens present for syphilis 

] Yes Yes Sm ND Yes Yes 

2 ~ Yes Yes No No No No 

3 Yes Yes Ro/SSA No Yes Yes 

4 Yes Yes No Yes Yes Yes 

5 Yes Yes Yes Yes Yes 

6 Yes Yes La/SSB Yes Yes Yes 

7 Yes Yes 0 Yes Yes Yes 

8 Yes Yes ND ND No No 

9 Yes Yes ND ND Yes No 
10 Yes Yes Sm No ND Yes 
il No No No Yes Yes Yes 
Patients 104/108 109/109 Sm 8/47 38/79 13/100 
without 20/82 
thrombosis 





ND, not done. 
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ary embolism by isotopic lung scanning. One 
patient (case 10) had both arterial and venous 
lesions and one (case 11) had exclusively arterial 
thrombosis. 

At onset case 10 presented with thrombosis of 
both the inferior vena cava and the left iliofem- 
oral vein. Arterial thrombosis was presumed 
because cerebral computed tomography showed 
an ischeaemic lesion (area of hypodensity) in the 
left thalamic region eight years after onset and 
the patient had right sided: paresthesiae. Arter- 
iography was not done. 

The other case of arterial thrombosis (case 11) 
presented at the onset of SLE with thrombosis 
of both superficial sylvian arteries that was con- 
firmed by carotid arteriography. Computed 
tomography of the brain showed ischaemic 
lesions of the right tempororolandic area. He 
had episodes of occipital and temporal 
headaches associated with choreic type abnor- 
mal movements of his right side that preceded 
Jeft hemiplegia, difficulties in pronunciation, 
diminution of visual acuity in the lower visual 
quadrants, and a left hearing deficit. He reco- 
vered the use of his left side, but continued to 
have headaches associated with visual impair- 
ment and abnormal choreic type movements of 
the right side. Apart from the initial overt 
infarction within the territory of the middle 
cerebral artery, transient ischaemic attacks 
might explain the severe headaches and the 
transitory visual impairments with which he 
presented. He died of acute pancreatitis pre- 
sumably related to SLE, though an infective 
cause cannot be excluded. He was the only 
patient who lacked ‘typical’ anti-DNA and anti- 
nuclear antibodies. 

Three patients (cases 1, 2, and 6) had 
haemorrhagic syndromes that presented with 
purpura and ecchymosis. All had severe 
thrombocytopenia (platelet count less than 
100x 10°/1). 

Lupus anticoagulant was found in eight ofthe 
11 patients (table 2). In most of them it was 
repeatedly measured and found either to per- 
sist or to become positive after several years of 
follow up. There was only one exception (case 
6) in whom it became negative three years after 
onset of disease. 

All the patients with SLE received com- 
parable doses of steroids when the disease 
was diagnosed; patients with thromboses also 
received anticoagulants. At the time of writing 
eight of the patients were in remission (table 1). 
Three patients died, though none from compli- 
cations of their thrombotic episodes: one died of 
pancreatitis (case 11), one of myocarditis (case 
6), and one of rupture of the arterial suture 
immediately after renal transplantation (case 8). 
This patient was the only one with thrombotic 
episodes who developed end stage renal failure. 

When the incidence of vasculitis, lupus anti- 
coagulant, positive Coombs test, and the pre- 
sence of American College of Rheumatology 
diagnostic criteria for SLE in this group of 
patients was compared with that among patients 
without thrombotic complications, the only sig- 
nificant difference was in the presence of a 
lupus anticoagulant: eight of 11 (73%) of 
patients with SLE and thrombotic (arterial or 
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venous) episodes had lupus anticoagulant, com- 
pared with only 13 of 100 patients who had no 
thrombotic episodes (p<0-001). Nine patients 
in our series did not have coagulation profiles 
done. 


THROMBOTIC EPISODES IN TWO PATIENTS WITH 
LESS THAN FOUR CRITERIA FOR SLE 

Two patients with less than four American Col- 
lege of Rheumatology criteria for SLE (one 
boy and one girl) presented with thrombotic 
episodes. The boy had non-painful swelling of 
his left lower limb and phlebography showed 
chronic thrombotic occlusion of the popliteal, 
femoral, and saphenous veins. In addition, he 
had anti-DNA antibodies, false positive 
serology for syphilis, thrombocytopenia, and 
positive lupus anticoagulant. Treated with 
hydroxychloroquine, he is doing well after 10 
years follow up. 

The girl presented with thrombocytopenia, 
positive lupus anticoagulant, false positive sero- 
logy for syphilis, low titres of anti-DNA anti- 
bodies, anaemia with a positive direct Coombs 
test, and primary acute adrenal insufficiency in 
addition to deep venous thrombosis of lower 
limbs. Antibodies against adrenal tissue were 
not determined and an adrenal venogram was 
not done. She was treated with cortisone and 
fludrocortisone and at the time of writing was 
doing well after nine years of follow up. 


Discussion 

Eleven children (9%) in our series of 120 
patients with SLE had single or recurrent 
thrombotic episodes. Most of the episodes were 
venous. Thrombotic episodes in the absence of 
certain risk factors are uncommon in children, 
and the diagnosis of SLE must be considered. 
Inherited factors predisposing to thrombosis, 
however, must also be evaluated. In our retros- 
pective study protein S and protein C concen- 
trations in plasma were not determined and 
antithrombin III deficiency was not investi- 
gated. 

Children with SLE and thrombotic episodes 
have only been described in case reports to our 
knowledge. Olive et al described a 9 year old 
boy who had extensive thrombosis of the 
inferior vena cava and femoral veins associated 
with thrombocytopenia and haemolytic anaemia 
as the presenting sign of SLE.) St Clair et al 
described a 14 year old boy with painless swell- 
ing of his right thigh; SLE was subsequently 
confirmed.” Bernstein et al discussed two girls 
aged 10 and 14 who presented with recurrent 
venous thrombosis and positive lupus anti- 
coagulant.* The first patient had confirmed 
SLE with deep venous thrombosis of the lower 
extremities, and the older one had positive anti- 
DNA antibodies and false positive serology for 
syphilis associated with Budd-Chiari syndrome 
and superficial thrombosis of the leg veins. A 
boy aged 12, one of the children described by 
Pelkonen et al, presented with thrombosis of the 
femoral vein, pulmonary embolism, throm- 
bocytopenia, anti-DNA antibody and lupus 
anticoagulant." He developed obvious SLE 
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three years later. All these patients had positive 
lupus anticoagulant and were treated with anti- 
coagulants in addition to corticosteroids. A 5 
year old girl reported by Appan et al had SLE 
with haemolytic anaemia as the presenting 
symptom followed a year later (when corticos- 
teroid treatment was interrupted) by multiple 
arterial thromboses of the brain and retina and 
peripheral venous thrombosis of both hands and 
feet. She had a positive lupus anticoagulant.° 
Recently renal artery thrombosis and hyperten- 
sion with positive lupus anticoagulant were 
reported in a 13 year old girl with SLE.’ She 
also had neurological symptoms and a com- 
puted tomogram suggestive of cerebral throm- 
bosis. She was treated with prednisone, anti- 
hypertensive drugs, and anticoagulants and her 
condition was satisfactory. No deaths were 
reported by these authors. In our series three 
patients died, none from complications of their 
thrombotic episodes. 

We also described two other patients with 
thrombotic episodes who did not fulfill the 
American College of Rheumatology criteria for 
SLE. One of them presented with adrenal insuf- 
ficiency. Case reports of thrombotic complica- 
tions in young patients with lupus anticoagulant 
without clear cut SLE are rare. Kelley and Ber- 
ger reported a 16 year old girl with a right mid- 
dle cerebral occlusion and deep venous throm- 
bosis of the lower limbs associated with lupus 
anticoagulant, false positive syphilis serology, 
and antinuclear antibodies, but who had less 
than four of the criteria for SLE.'? Two boys 
aged 12 and 13 years old were described by 
Ravelli et al; they had deep venous thrombosis 
associated with anticardiolipin antibody and 
lupus anticoagulant.'” One had low titres of 
antinuclear antibody. Pelkonen et al reported on 
a 10 year old girl with thrombosis of the vena 
cava and both iliac veins who had initially pre- 
sented with adrenal insufficiency.” Apart from 
these only adult case reports have associated 
acute adrenal insufficiency with recurrent deep 
venous thrombosis and antiphospholipid anti- 
bodies.!* 7° As to the aetiology and pathogene- 
sis, the reported absence of antibodies to 
adrenal tissue seems to negate the autoimmune 
hypothesis, and the possibility of bilateral adrenal 
vein thrombosis should be considered. In our 
patient with adrenal insufficiency, antibodies 
against adrenal tissue were not measured, and as 
the possibility of venous thrombosis was not 
suspected at the time, an adrenal venogram was 
not done. 

In our series a significant number of the chil- 
dren with SLE and thrombotic episodes had 
positive lupus anticoagulant compared with 
those who had no history of thrombosis. Adult 
series have extensively documented this associa- 
tion since Bowie et al first described it in 1963.'° 
The lupus anticoagulants are a spontaneously 
acquired population of antibodies (IgM, IgG) 
initially described in SLE patients!’ that inter- 
fere with in vitro phospholipid dependent 
coagulation reactions.!® Bleeding is uncommon 


in the absence of associated severe thrombo- 


cytopenia, qualitative platelet defects, hypo- 
prothrombinaemia, or coagulation factor 
deficiencies.!? The lack of standardisation and 


the differing sensitivities of various assays to 
detect lupus anticoagulant, as well as differ- 
ences in patient populations, make comparisons 
between different studies difficult and probably 
account for incidences that vary from 6-18%'? 
to 40-50%.”° In our series, 21/111 (19%) of our 
patients with SLE had lupus anticoagulant. At 
present, diagnosis of lupus anticoagulant should 
be strengthened by confirmatory studies using 
the tissue thromboplastin inhibition test, the 
dilute Russell viper venom time, or the platelet 
neutralisation procedure.?! The anticardiolipin 
antibody was not measured in our retrospective 
series. It is a sensitive test for the detection of 
antiphospholipid antibodies, and its determina- 
tion is becoming increasingly important. 

Several hypotheses were reviewed in a recent 
paper to try to explain the relationship between 
antiphospholipid antibodies and thrombosis, 
but at present it cannot be said if lupus anti- 
coagulant is the cause, the result, or an epiphe- 
nomenon of thrombosis.’ Given the phospholi- 
pid specificity of lupus anticoagulant, altera- 
tions in either endothelial or platelet. membrane 
functions would seem the most likely explana- 
tions for lupus anticoagulant induced throm- 
botic complications. It has been hypothesised 
that lupus anticoagulant may increase coagulant 
properties by decreasing anticoagulant systems 
that depend on the endothelium.” The affinity 
of the lupus anticoagulant for phospholipids 
might explain its reported association with 
thrombocytopenia,’ and false positive syphilis 
reactions.'? Lupus anticoagulant fixation on 
phospholipid membranes might lead to peri- 
pheral destruction. Cross reactions with the 
cardiolipin antigen used in Venereal Disease 
Research Laboratory reactions might explain 
the high percentages of false positive serology 
for syphilis in patients with lupus anticoagulant. 

In adult series, a syndrome consisting of a 
tendency to recurrent thrombosis together with 
recurrent mid-pregnancy fetal loss,?? throm- 
bocytopenia, haemolytic anaemia,”” livedo 
reticularis,?* valvular heart disease,!° 7° 7° and 
chorea associated with antibodies against phos- 
pholipids, has been proposed.’ *® Severe mig- 
rainous headaches may antedate other cerebral 
vascular symptoms.”” Case 11 with arterial 
thrombotic episodes had had severe headaches 
five years before diagnosis of disease. 

Alarcon Segovia et al argue that patients with 
and without SLE but who have at least two fea- 
tures significantly associated with the presence 
of anticardiolipin antibodies (venous thrombo- 
sis, thrombocytopenia, haemolytic anaemia, leg 
ulcers, or recurrent fetal loss) in addition to 
antiphospholipid antibodies, should be inclu- 
ded in a antiphospholipid syndrome.® The iden- 
tification of a more homogeneous subset of 
patients might provide new insights into the 
pathophysiology and the treatment of the anti- 
phospholipid syndrome and of SLE as well. 

Our reported incidence of thrombosis in 
childhood onset SLE is rarely reflected in 
published reports, but merits attention. Even if 
currently required standardised procedures for 
determining lupus anticoagulant were not 
entirely satisfied, given the retrospective nature 
of our study, our data are strongly suggestive of 
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a relationship between lupus anticoagulant and 


thrombosis in SLE in childhood. Though there 
is at present no test that can predict which 
patients will actually develop symptoms, lupus 
anticoagulant (or anticardiolipin antibodies, or 
both) should be determined to screen patients at 
risk for thrombotic complications (including 
recurrent abortions in older female patients). 
Data accumulated so far do not justify therapeu- 
tic interventions on the basis of the presence of a 
lupus anticoagulant alone, and in our series long 
term anticoagulant treatment was avoided in 
children with thrombotic episodes because of 
the haemorrhagic risk during play and sport. 
An increasing number of patients with lupus 
anticoagulant with or without clear cut SLE are, 
however, receiving long term treatment with 
low doses of aspirin to reduce the risk of recur- 
rent thrombosis.” ?? 


The study was supported by MGEN contract number 3926, 
Paris, France. 


1 Olive D, André E, Brocard O, Labrude P, Alexandre P. 
Lupus érythémateux disséminé revélé par des thrombo- 
ne des membres infériurs. Arck Fr Pediatr 1979;36: 


2 St Clair W, Jones B, Rogers JS, Crouch M, Hrabovsky E. 


Deep venous thrombosis and a ‘circulating anticoagulant i in 
nn: lupus erythematosus. Am J Dis Child 19815135: 

3 Perraudin ML, Rousseau A, Desbois LC, Herrault A, 
Lévéque B. Thromboses veineuses, anticoagulant circulant 
et lupus erythémateux disséminé. A propos de 2 cas chez 2 
seurs HLA idéntiques. Ann Pediatr (Paris) 1981;28:251-9. 

4 Bernstein ML, Salusinsky-Sternbach M, Bellefleur M, 
Esseltine DW. Thrombotic and hemorrhagic complications 
in children with the lupus anticoagulant. Am J Dis Child 
1984;138:1132-5. 

5 Pelkonen P, Simell O, Rasi V, Vaarala O. Venous thrombosis 
associated with lupus anticoagulant and anticardiolipin 
antibodies. Acta Paediatr Scand 1988;77:767-72. 

6 Appan $, Boey ML, Lim KW. Multiple thromboses in 
2 lupus erythematosus. Arch Dis Child 1987362: 


7 Ostuni PA, Lazzarin P, Pengo V, Ruffatti A, Schiavon F, 
Gambari P. Renal artery thrombosis and hypertension i in a 
13 year old girl with antiphospholipid syndrome. Ann 
Rheum Dis 1990;49:184-7. 

8 Alarcon Segovia D, Delezé M, Oria CV, et al. Antiphos- 
pholipid antibodies and the antiphospholipid syndrome in 
systemic lupus erythematosus. A prospective analysis of 
500 consecutive patients. Medicine 1989;68:353-65. 

9 Lechner K, Pabinger-Fasching I. Lupus anticoagulants and 
thrombosis. A study of 25 cases and a review of the 
literature. Haemasans 1985315:254-62. 

10 Asherson RA, Lubbe WF. Cerebral and valve lesions in SLE: 
association with antiphospholipid antibodies. 7 Rheumatol 
19883;15:539-4 

11 Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria 
for the classification of systemic lupus erythematosus. 
Arthritis Rheum 1982;25:1271-7. 


717 


12 Kelley RE, Berger JR. Ischemic stroke in a girl with lupus 
anticoagulant. Pediatric Neurology 1987;3:58-61. 

13 Ravelli A, Caporali R, Bianchi E, et al. Anticardiolipin 
syndrome i in childhood: a report ‘of two cases. Clin Exp 
Rheumatol 1990;8:95-8. 

14 Asherson RA, Hughes GRV. Recurrent deep vein thrombosis 
and Addison’s disease in ‘primary’ antiphospholipid syn- 
drome. 7 Rheumatol 1989;16:378-80. 

15 Carette $, Jobin F. Acute adrenal insufficiency as a mani- 
festation of the anticardiolipin syndrome? Ann Rheum Dis 
1989;48:430-1. 

16 Bowie EJW, Thompson JH, Pascuzzi CA, Owen CA. 
Thrombosis in systemic lupus erythematosus despite 
en anticoagulants. f Lab Clin Med 19635362: 

17 Conley CL, Hartmann RC. A hemorrhagic disorder caused 
by circulating anticoagulant in patients with disseminated 
lupus erythematosus. 7 Clin Invest 1952;31:621-2. 

18 Feinstein DI, Rappaport SI. Acquired inhibitors of blood 
coagulation. Prog Hemost Thromb 197231:75~95. 

19 Shapiro SS, Thiagarajan P. Lupus anticoagulants. Prog 
Hemost Thromb 1982;6:263--85. 

20 Derksen RHWM, Hasselaar P, Blokzijl L, Gmelig Meyling 
FHJ, de Groot PG. Coagulation screen is more specific than 
the anticardiolipin antibody ELISA in defining a thrembo- 
ag of lupus patients. Ann Rheum Dis 1983547; 


3 

21 Triplett DA, Brandt JT. Lupus anticoagulants: misnomer, 

paradox, riddle, epiphenomenon. Hematologic Pathology 

1988;2:121 

22 Lubbe WF, Liggins GC. Lupus anticoagulant and preg- 
nancy. Am J Obstet Gynecol 1985;153:322-7 

23 Delezé m. Oria CV, Alarcon-Segovia D. Garces of both 
hemolytic anemia and thrombocytopenic purpura (Evan’s 
syndrome) in systemic lupus erythematosus. Relationship 
© ON pnesBniolpın antibodies. 7 Rheumatol 1988515: 


24 McHugh NJ, Maymo J, Skinner RP, James I, Maddison PJ. 
Anticardiolipin antibodies, livedo ‘reticularis and major 
cerebrovascular and renal disease in systemic lupus ery- 
thematosus. Ann Rheum Dis 1988;47:110-5. 

25 Chartash EK, Lans DM, Paget SA, Qamar T, Lockshin MD. 
Aortic insufficiency and mitral regurgitation in patients 
with systemic lupus erythematosus and the antiphospho- 

- — lipid syndrome. Am F Med 1989;86:407-12. 

26 Ford PM, Ford SE, Lillicrap DP. Association of lupus anti- 

coagulant with severe valvular heart disease in systemic 
mr erythematosus. 7 Rheumatol 1988;15:597-600. 

27 Harris EN, Hughes GRV, Gharavi AE. Antiphospholipid 
antibodies: an elderly statesman dons new garments. 
J Rheumatol 1987;14:208-13. 

28 Hughes GRV, Harris KN, Gharavi AE. The anticardiolipin 
syndrome. kj Rhematol 1986; 13:486-9. 

29 Asherson RA, Khamashta MA, Gil A, et al. Cerebrovascular 
disease and antiphospholipid antibodies in systemic lupus 
erythematosus, lupus-like disease, and the primary anti- 
phospholipid syndrome. Am J Med 1989; 86: 391-9. 


r 


Addendum 

Since the submission of this article a girl, aged 
10-5 years at onset of SLE, presented with 
thrombosis of a superficial lower leg vein 13 
years later. She had initially presented with 
malar rash, polyarthritis, vasculitis, positive 
lupus erythematosus cell preparation, direct 
Coombs test, antinuclear and anti-DNA anti- 
bodies. No lupus anticoagulant was initially 
done. 
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Perinatal hepatitis B virus infection caused 
by antihepatitis Be positive maternal 


mononuclear cells 


Hiroko Shimizu, Toshihiro Mitsuda, Shinji Fujita, Shumpei Yokota 


Abstract 

To investigate the infectivity of hepatitis B 
virus (HBV) from mothers to their newborn 
offspring, HBV-DNA in plasma and periphe- 
ral mononuclear cells from 28 antihepatitis 
Be positive, hepatitis B surface antigen posi- 
tive carrier mothers was examined by a highly 
sensitive polymerase chain reaction/Southern 
hybridisation technique. HBV specific DNA 
was detected in three maternal mononuclear 
cell samples, but was absent in plasma. Two 
of four infants born to the three mothers with 
HBV-DNA positive mononuclear cells de- 
veloped acute or fulminant hepatitis within 
three months after birth. Two infants were 
effectively prevented from infection with HBV 
by combined hepatitis B immunoglobulin/ 
HBV vaccine administration. The 25 infants 
born to the HBV-DNA negative mothers were 
free of HBV infection within the next seven 
months to 3-5 years. These results suggest 
that latent infection with HBV in maternal 
mononuclear cells is responsible for perinatal 
HBV infection. 


Since the establishment of the national project 
for prevention of mother to infant transmission 
of hepatitis B virus (HBV) with hepatitis B 
immunoglobulin (HBIg) and HBV vaccine, 
approximately 90-95% of the offspring of hepa- 
titis Be antigen (HBeAg) positive HBV carrier 
mothers acquired protection from perinatal 
infection in Japan.’ 7 In contrast, prophylaxis is 
not recommended for infants of HBeAg nega- 
tive mothers, who comprise three quarters of 
pregnant hepatitis B carriers. About 10% of 
infants born to such mothers are reported to 
develop acute or fulminant hepatitis.” As half of 
the cases of infantile fulminant hepatitis are due 
to perinatal HBV infection, and because most 
mothers of these patients are HBeAg negative, 
hepatitis B surface antigen (HBsAg) positive 
carriers,’ protective measures for these infants 
are urgently needed. 

Although the infectivity of HBV is conventio- 
nally monitored by noting the presence of 
HBeAg and by measuring the activity of HBV 
specific DNA polymerase, recent advances in 
molecular hybridisation technology have pro- 
vided more sensitive markers of HBV 
infection.* > HBV-DNA can be detected even in 
anti-HBe positive sera,° and regardless of 
HBeAg status, the quantity of circulating HBV- 
DNA is directly related to HBV infectivity and 
to the activity of chronic liver disease.’ ® 
However, any mechanisms of HBV transmis- 
sion from HBeAg negative, HBsAg positive 


carrier mothers to their babies have never been 
documented. 

In the present study, to explore the infectivity 
of anti-HBe positive, HBsAg positive carrier 
mothers to their offspring the expression of 
HBV-DNA was determined in plasma and 
peripheral mononuclear cells by a newly develo- 
ped method, the polymerase chain reaction. 
Coupled with molecular hybridisation analysis 
the polymerase chain reaction can define atto- 
gram concentrations of HBV-DNA.’ The pre- 
sent results demonstrate the close association 
between the HBV-DNA expression in maternal 
peripheral mononuclear cells and the onset of 
acute or fulminant hepatitis in early infancy. 


Subjects and methods 

The serological markers of HBV infection were 
detected by reverse passive haemagglutination 
for HBsAg, passive haemagglutination for anti- 
HBs, immunoadherence haemagglutination for 
antibody to hepatitis B core antigen, and 
enzyme linked immunosorbent assay for 
HBeAg and its antibody (Abbott Laboratories). 

We examined 28 mothers known to be anti- 
HBe positive, HBsAg positive carriers and 29 of 
their infants. The mothers were asymptomatic, 
without liver function abnormalities, during a 
one to five year follow up. All infants studied 
were negative for HBsAg and anti-HBs in cord 
blood, and serum HBsAg and anti-HBs concen- 
trations and transaminase activities were mea- 
sured every three months until age 1 year. At 
birth and at 2 months of age two infants were 
given HBlgs (pepsin digested Cohn fraction II 
HBlg, 200 IU/ml, provided by the Japanese 
Red Cross Central Blood Centre, Tokyo). They 
were also given HBV vaccine (HBsAg:10 ug 
protein/2°5 ml, Kitasato Institute, Tokyo) at 3, 
4, and 6 months of age. 

Samples of heparinised peripheral blood were 
layered onto Ficoll-Hypaque (Oncor Inc), and 
plasma and mononuclear cells were separated 
by centrifugation. Mononuclear cells were 
washed twice in phosphate buffered saline and 
then were immediately frozen at —80°C. DNA 
preparation, DNA amplification, and gel 
separation/Southern hybridisation methods 
have been previously described.” Briefly, DNA 
was amplified in a 100 wl reaction mixture that 
contained 10 ul sample DNA, 2:5 units Tag 
DNA polymerase, 200 umol of each deoxynuc- 
leotide triphosphate (dATP, dCTP, dTTP, and 
dGTP), 1 umol of each primer (primer 114: 
5°-ACAGAGTCTAGACTCGTGGT-3’, primer 
586R:5’- AAAGCCCTACGAACCACTGA-3’), 
50 mmol/ml potassium chloride, 10 mmol/l 
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TRIS-hydrochloric acid (pH8°3), 1°5 mmol/l. 


magnesium chloride, and 0:01% gelatin. Ampli- 
fication in a programmable thermal cycler 
(Techne) consisted of 25 cycles at 94°C for one 
minute (denaturation), 58°C for two minutes 
(annealing), and 72°C for three minutes (exten- 
sion). Amplified DNA samples were fraction- 
ated by 1% agarose/2% Nusieve (FMC Bio- 
Products) gel electrophoresis, and the DNA was 
visualised by ultraviolet fluorescence after stain- 
ing with ethidium bromide. After Southern 
blotting to ‘Hybond N’ membranes (Amer- 
sham), blots were hybridised with a cloned 
HBV-DNA probe labelled by random primed 
incorporation of digoxigenin labelled deoxyuri- 
dine triphosphate (Boehringer Mannheim). 
Alkaline phosphatase conjugated antibody to 
digoxigenin was then applied to the membrane 
and the colorimetric reaction was carried out on 
the membrane. 


Results 

HBV markers including HBsAg, anti-HBs, 
HBeAg, and anti-HBe, and transaminase activi- 
ties of 28 carrier pregnant women at or shortly 
before delivery were determined. All sera were 


HBeAg negative and anti-HBe positive, and 
none showed evidence of active hepatitis. Dur- 
ing the next one to five years, serological mar- 
kers and transaminase activities of these women 
were essentially unchanged. The HBV infection 
status of each father was also determined, and 
no evidence of infection was obtained (data not 
shown). 

DNA was extracted from 200 ul of plasma 
and 10° mononuclear cells of the mothers cate- 
gorised as above. Each DNA was amplified by 
25 cycles of the polymerase chain reaction. A 
sample was regarded as positive when DNA 
with a molecular weight expected for the ampli- 
fied product (473 base pairs) was seen in 
agarose/Nusieve gel in three independent 
experiments. Southern hybridisation was used 
to confirm the specificity of the amplified 
DNA. 

All of the 28 plasma samples were negative by 
both direct visualisation of amplified DNA and 
by Southern hybridisation, even when increased 
amounts of DNA were applied in the polymer- 
ase chain reaction mixture. In contrast, 473 base 
pair bands were detected in three of 28 mono- 
nuclear cell DNA samples (fig 1). The HBV 
specificity of these amplified DNAs was con- 





Figure 1 Detection of HBV-DNA in peripheral mononuclear cells obtained from anti-H Be positive, HBsAg positive carrier 
mothers. Molecular weight (MW) marker, X174/Hae II digest; PC :positive control, HBV-DNA 3-2 kilobase pairs (kbp) 
template amplified with HBV primers; NC-1 :negattve control, Perkin-Elmer Cetus DNA amplification kit DNA template 
with HBV primers; NC-2:negative control, HBV-DNA 3:2 kbp template with Cetus kit primers. DNA in peripheral 
mononuclear cells was extracted as described in subjects and methods, and amplified with Taq enzyme in the presence of 

HBV primers. Amplified DNA was separated in 1% agarose/2% Nusieve gel. 
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Figure2 Polymerase chain reaction and Southern hybridisation anaylsis of HBV-DNA in peripheral mononuclear cells 
obtained from anti-HBe positive, HBsAg positive carrier mothers. Molecular weight (MW) marker, PC:positive control, 
NC-I and 2: negative controls. The DNA in the gel shown in fig 1 was transferred to nylon membrane and hybridised with 
digoxigenin-1 1-dUTP-labelled HBV-DNA (Dig-ELISA). 
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Detection of HBV-DNA by the polymerase chain reaction (PCR) 


Shimizu, Mitsuda, Fujita, Yokota 








a Mothers Infants 
0 (prognosis, whether infected or not 
Serum Plasma Mononuclear fi i 
cells 
HBsAg* HBs* ABc* Aspartate Alanine PCR+ PCR+ PCR+ PCR+ 
antibody antibody amino- amino- ethidium Southern ethidium Southern 
transferase} transferase} bromide blot bromide blot 
(ITUN) (TUIL staining hybridisation staining hybridisation 
l 13 — 1] 23 19 — — ++ + Fulminant hepatitis; died Si 
11 — 12 19 19 — — ++ + Given HBIg/HBV vaccine; noinfection asters 
5 9 _ 14 23 7 — _ +/— + Given HBIg/HBV vaccine; noinfection 
16 11 — 16 32 28 _ ~ + + Acute hepatitis (aspartateaminotransferase319 


IUA, alanineaminotransferase 245 IU/D 


“HBsAg by reverse passive haemagglutination (titre=2"); HBsantibody by passive haemagglutination; and HBc antibody byimmunoadherence haemagglutination 


(titre=2"). 


tNormalactivities:aspartate aminotransferase <35 IU/l; alanine aminotransferase <30IU/I. 


firmed by Southern hybridisation (fig 2). The 
remaining 25 mononuclear cell DNA samples 
were negative by both DNA gel analysis and 


hybridisation (partly shown .in figs 1 and 2). 


The HBV markers and transaminase activi- 
ties of the offspring were serially determined. 


Among the four infants born to the three 


mothers who carried HBV-DNA positive 
mononuclear cells, two developed acute or ful- 
minant hepatitis within three months after birth 
(table). In the infant with acute hepatitis anti- 
HBs, and later anti-HBc, became positive, con- 
firming HBV infection. One of the remaining 
two infants, who was the younger sister of the 
girl who died from fulminant hepatitis, was 
administered HBIg/HBV vaccine, and acquired 
protection against HBV as her anti-HBs was 
positive and anti-HBc negative after prophy- 
laxis. The last one of the four was also adminis- 
tered HBig/HBV vaccine because her mother 
seroconverted from HBeAg positive to anti- 
HBe positive shortly before delivery (between 
29 and 36 weeks of gestation), and the infant, 
also acquired HBV protection (table). In the 
other 25 infants, whose mothers were HBV- 
DNA negative in both plasma and mononuclear 
cells, no HBV markers and no increased activi- 
ties of transaminases were detected in the next 
seven months to 3:5 years. Taken together these 
results strongly suggests that the association 
between the HBV-DNA expression in maternal 
peripheral mononuclear cells and the HBV 
infection of their infants is highly specific. 


Discussion 

The present study demonstrates that even 
asymptomatic, anti-HBe positive pregnant 
women may carry HBV-DNA positive mono- 
nuclear cells in the peripheral blood that can 
transmit infectious HBV to their offspring. This 
is the first report concerning the association 
between the presence of HBV-DNA in maternal 
mononuclear cells and the onset of infantile 
hepatitis. In Japan 1-2% of pregnant women are 
HBsAg positive carriers and three quarters of 
them are HBeAg negative. This percentage of 
HBV carriers seems relatively high, but the pre- 
valence of HBV in Japan is about 20 times more 
than in Europe. Therefore it is important to 
pick up high risk infants and to find the most 
effective means of treatment. Our findings indi- 
cate that HBV determination in peripheral 


mononuclear cells of such pregnant women will 
aid screening of high risk infants before de- 
livery. 

Infectivity of HBV was apparently due to 
mononuclear cells in maternal peripheral blood. 
In order to acquire the capability of viral repli- 
cation, the infected mononuclear cells are prob- 
ably transmitted first as intact cells to the 
infants, and then the HBV is activated. The 
possible route of mononuclear cell transmission 
could be transplacental passage around deliv- 
ery. Previously, Desai and Creger reported that 
the maternal mononuclear cells definitely circu- 
late in newborn babies.!° They labelled in vitro 
the maternal peripheral mononuclear cells by 
immunofluorescence and injected them back 
into the mother shortly before delivery. They 
detected the labelled maternal mononuclear 
cells in the infant’s circulation. Very recently 
the transfer of mononuclear cells from fetus to 
mother was determined by the polymerase 
chain reaction. Y chromosome specific DNA 
sequences were detected in pregnant women 
carrying male fetuses.!! These findings strongly 
suggested that bidirectional mononuclear cell 
traffic between mother and fetus is not uncom- 
mon. Therefore, it is most likely that HBV car- 
rying maternal mononuclear cells traverse the 
placenta intact. But other routes of HBV trans- 
mission, for example horizontal infection after 
birth, are possible. Further studies are needed. 

It was surprising that, though the women 
were asymptomatic, acute or fulminant hepati- 
tis could occur in the infants. The HBs anti- 
genaemia in these anti-HBe positive women 
might at least indicate active translation of viral 
DNA, which is the final step of HBV express- 
ion, suggesting that an immunological inactiva- 
tion process is operating in the women. Such a 


mechanism might be too immature and thus 


unable to protect the infants from viral activa- 
tion. The direct link between HBV and lym- 
phoid cells was very recently established. !* The 
evidence for the replication of HBV in periphe- 
ral mononuclear cells derives from the demon- 
stration that a 3°4-3°5 kb RNA transcipt was 
detected by northern blot analysis in mononuc- 
lear celis that expressed HBsAg on their 
surface,” and that 1-10% lymphocytes 
obtained from HBsAg positive, HBeAg nega- 
tive chronic carriers contained viral RNA by in 
situ hybridisation.'* 

Our findings will also be relevant to the 


prevention of infantile fulminant hepatitis. 
Although one child of a HBV-DNA positive 
mother died at 3 months from fulminant hepati- 
tis, HBV infection was averted in the sister by 
the combined administration of HBIg and HBV 
vaccine. There must be an argument that with- 
out the combined treatment no one can predict 
anything about the infant’s prognosis. This 
seems to be reasonable, but a recent trial of the 
prophylactic HBIg single injection to infants 
born to HBeAg negative, HBsAg positive car- 
rier mothers proved effective in reducing the 
rate of onset of infantile hepatitis to about 
20-30% of the non-treated children." It is still 
difficult to predict the risk of fuliminant hepati- 

tis, so it would seem prudent that infants of 
HBV-DNA mononuclear cell positive mothers 
receive treatment with both HBIg and HBV 
vaccine. 
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Urinary infection: what little boys do in the bath 


A recent paper from Quebec (J Labbé, Pediatrics 1990;86:703-6) 
raises an interesting new possibility as regards the aetiology of 
urinary infection in boys. A prospective consecutive series of 22 
boys aged between 5 and 15 years who attended a urinary infection 
clinic at a university medical centre, together with nine others 
detected retrospectively, were questioned about penile self 
instrumentation in the bath or shower. Ten of the 31 admitted 
< injecting bath water into the urethra in the few days before the 
Ä onset of symptoms. The instruments used were a syringe (n=4), 
a rubber bulb (n=3), a plastic bottle (n=2), and a ‘hand-held 
shower massager’ (n=1). Lower abdominal pain, dysuria, and 
gross haematuria were more common in the 10 boys who admitted 
self instrumentation (group A) than in the 21 who didn’t (group 
B). Urine culture in group A produced Escherichia coli in five and 
Staphylococcus saprophyticus in the other five. Only one child in 
group B was infected with the latter organism. Imaging of the 
renal tracts showed no abnormalities in group A but was abnormal 
in a third of the boys in group B. 
Is this study representative? I imagine, but don’t know, that 
such things as syringes and rubber bulbs may be less available in 
British bathrooms. The frequency of this behaviour in normal 
i boys is unknown so it is difficult to assess the size of its contribu- 
x tion, if any, to the problem of urinary infection in boys, but it’s an 
idea worth pursuing. No doubt we shall hear more on this subject. 
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Anticarbamazepine antibody induced by 
carbamazepine in a patient with severe serum 


sickness 


Nozomi Hosoda, Wataru Sunaoshi, Hiroyuki Shirai, Yuki Bando, Hisao Miura, 


Muneo Igarashi 


Abstract 
Anticarbamazepine antibody was detected in 
a patient who had clinical signs of serum sick- 


- ness induced by carbamazepine. Skin rash, 


fever, oedema, and lymphadenopathy are 
classic signs of severe adverse reaction, but 
although immunological hypersensitivity is 
thought to be a contributory factor, the pre- 
sence of anticarbamazepine antibody has not 
previously been reported to our knowledge. 


Carbamazepine is widely used in the treatment 
of various forms of epileptic disorders.! ? 
Although different side effects have been 
reported, skin rash is the most common adverse 
reaction. Exfoliative dermatitis, urticaria, toxic 
epidermal necrolysis, Stevens-Johnson syn- 
drome, and a reaction similar to systemic lupus 
erythematosus have been reported.” * In some 
cases the skin rash is part of a severe illness 
affecting several organs, and immunological 
hypersensitivity is thought to contribute to the 
skin reaction.* * So far, however, we know of no 
report of the presence of anticarbamazepine 
antibody in any patient with severe skin reac- 
tions. 

We present a patient with the typical clinical 
manifestations of serum sickness, fever, erup- 
tion with oedema (particularly around the face 
and neck), and lymphadenopathy. The labora- 
tory findings showed a decrease in complement 
C4 and an increase in C3a and C4a activity. 
Anticarbamazepine antibody was detected in 
the serum using an enzyme linked immunosor- 
bent assay (ELISA). 


Methods 

BALB/C mice were given carbamazepine 
(1 g/kg) orally, and bled six hours later. The 
serum was used as the antigen. 

The anticarbamazepine antibody of serum 
from the patient was analysed by ELISA, a 
procedure that has been described elsewhere.” 
Briefly, the mouse serum diluted (1:100) with 
10 mM carbonate buffer was added to 96 well 
polyvinylchloride microtitre plates, and left for 
two hours at room temperature. The non- 
binding sites were blocked with phosphate 
buffered saline containing 0:05% Tween 20 and 
2% ovalbumin. Diluted human serum was 
added to the wells and incubated for one hour at 
4°C. After three washings, 100 ul of appro- 
priately diluted horseradish peroxidase con- 
jugated goat antimouse Ig antiserum was added 
to each well. The plates were then incubated for 
one hour at 4°C and washed three times, and 


200 ul of freshly prepared substrate solution 
containing 0:05% o-phenylendiamine and 
0-0075% hydrogen peroxide in MclIlvain buffer, 
pH 6:0, was added to each well. After 30 minutes 
of incubation at room temperature, absorbance 
was read at 405 nm with a Titertek Multiskan 
plate reader. 


Case report 

An 8 year old girl was admitted with fever and 
skin rash. Thirty seven days before admission 
carbamazepine 200 mg (10 mg/kg) had been 
prescribed because of a complex partial seizure. 
Twenty seven days before admission the first 
skin rash had appeared on her cheeks, but this 
disappeared within a few days. Twenty three 
days before admission, the dose of carbamaze- 
pine had been increased to 300 mg. The day 
before admission she had again developed 
maculopapular erythema on her face and neck, 
this time accompanied by fever. Her past his- 
tory and family history were not helpful. On 
examination she had maculopapular erythema 
on her face, neck, and trunk, and her body tem- 
perature was 40°C. Several bilateral cervical 


_ lymph nodes were enlarged to less than 2 cm in 


diameter and the liver was also enlarged. 
Laboratory findings on admission included 
aspartate aminotransferase activity 108 UA, 
alanine aminotransferase activity 107 U/l, C3 
1-29 g/l, C4 384 mg/l; white blood cell count, 
haemoglobin concentration, and platelet count 
were normal. Carbamazepine had been discon- 
tinued because of suspected hypersensitivity, 
but the high fever and skin rash persisted. A 
week later the facial oedema was so bad that she 
could not open her eyes and she had developed a 
productive cough. Crackles could be heard in 
her chest and an x ray film showed mild bron- 
chopneumonia in the right middle lobe. She 
also had watery diarrhoea several times a day. 
The pneumonia and the diarrhoea resolved 
within a few days without any special treatment, 
and the fever and skin rash subsided on the 15th 
day in hospital. Cultures of throat swabs, blood, 
and urine grew no pathogens. Antistreptolysin 
titre and Paul-Bunnell test were negative, as 
were other titres, including cytomegalovirus, 
Epstein-Barr virus, measles, rubella, and myco- 
plasma. Immunological findings on the 24th 


_ day in hospital were as follows: C3 1:32 g/l, C4 


114 mg/l, C3a 1329 ng/ml, and C4a 827 ng/ml. 
On the 26th hospital day, a patch test was 
done with carbamazepine, and with cephazolin 
as the negative control. An area of erythema 
with induration 1 cm in diameter was detected 
against carbamazepine, but there was no skin 
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Anticarbamazepine antibody induced by carbamazepine in a patient with severe serum sickness 
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Titration of patient’s serum (O—O) and normal human 
pooled serum (@—®@) against mouse serum containing 
carbamazepine (A) and normal mouse serum (B). 


reaction against cephazolin. The results of 
ELISA titration of the patient’s serum against 
carbamazepine are shown in the figure. The 
antibody titre of the patient’s serum (on the 
14th hospital day) against carbamazepine was 
significantly higher than against normal mouse 
serum. This showed that the antibody activity 
was carbamazepine specific because the 
patient’s serum did not bind to normal mouse 
serum that was used as the negative control. 
The antibody activity of the patient’s serum 
against normal mouse serum was slightly higher 
than that of normal pooled human serum. This 
activity was the result of antigen non-specific 
binding, because the patient’s immunoglobulin 
concentration was about three times higher than 
that of normal human serum. 


Discussion 

Adverse reactions to drugs are common, and 
various mechanisms are responsible for most 
non-immunological drug reactions. True im- 
munological reactions probably account for 
at most a quarter of the overall total of adverse 
drug reactions. 7 ® Most drugs are simple che- 
micals with molecular weights of less than 1000, 
and these are rarely immunogenic. Substances 
of low molecular weight may act as haptens, 
however, and became immunogenic after cova- 
lent chemical binding with tissue or plasma pro- 
teins to form drug-protein conjugates.® In gene- 
ral, only drugs (or their degradation products or 
metabolites) with sufficient chemical reactivity 
to bind irreversibly to proteins are capable of 
inducing hypersensitivity reactions. After initial 
exposure to the drug, potentially allergic sub- 
jects have a latent period before the onset of the 
hypersensitivity reaction. During this seven to 
10 day (up to three week) period, the drug- 
protein complex stimulates production of a suf- 
ficient number of activated immune effector 
cells and antibodies to cause the allergic 
reaction.® ® It is rational to attribute the skin 
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rash induced by carbamazepine to an immuno- 
logical disorder, because 80% of carbamazepine 
can bind to protein?’ and the skin rash does not 
appear for seven days. ! 

We have described a patient who showed the 
classic clinical picture of serum sickness.’ Car- 
bamazepine specific delayed type hypersensitiv- 
ity was detected by patch test, and carbamaze- 
pine specific antibody was also detected using 
an ELISA. These findings showed that carba- 
mazepine specific T cells and B cells in the 
patient had been stimulated and proliferated 
into sufficient numbers of effector cells. 
Anaphylatoxins were increased and comple- 
ment was depressed, suggesting that comple- 
ment was activated by immune complexes. 
From the clinical picture and the laboratory 
findings we deduced that this case was compat- 
ible with serum sickness caused by massive 
amounts of carbamazepine antibody immune 
complexes. The extensive expansion of the 
clone size of anticarbamazepine cells could be 
attributed to the prolonged carbamazepine sen- 
sitisation. Usually such prolonged sensitisation 
would not happen, because carbamazepine is 
discontinued as soon as the skin rash appears. 
The evidence presented by this case suggests 
that most cases of carbamazepine induced skin 
rash might be the result of mild serum sickness. 

Another question is: why are so few people 
allergic to carbamazepine? We used mouse 
serum as the antigen, which was obtained by 
bleeding from mice that had been given a large 
amount of carbamazepine. Though large num- 
bers of immune complexes were predicted from 
the clinical picture and laboratory findings, few 
haptenic epitopes appeared in the mouse serum 
because the anticarbamazepine titre was low. 
This observation suggests that haptenic epi- 
topes formed from carbamazepine metabolites 
appear in only a few patients who suffer from 
the immunological hypersensitivity induced by 
carbamazepine. To verify this possibility, 
further analysis will be required. 


1 Gamstop I. Treatment with carbamazepine: children. Adv 
Neurol 19753;11:237-46. 

2 Sillanpää M. Carbamazepine. Pharmacology and clinical 
uses. Acta Neurol Scand 1981;64(suppl 88):9-202. 

3 Robert DL, Marks R. Skin reactions to carbamazepine. Arch 
Dermatol 1981;117:273-5. 

4 Permin H, Sestoft L. Deposits of plasma proteins in the skin 
during treatment with carbamazepine and diphenylhydan- 
toin. Acta Med Scand 1977;202:113-7. 

5 Igarashi M, Kashiwagi N, Ferrone S. Serological . and 
structural heterogeneity of HLA-DR and DQ antigens in 
HLA-DR4 homozygous B lymphoid cells. Kitasato Med 
1987;17:194-204. 

6 Kenneth PM. Clinical spectrum of allergic and pseudo aller- 
gic drug reactions. F Allergy Clin Immunol 1984;74:558~66. 

7 Elliot FE. Allergic disorders. In: Behrman RE, Vaughan VC, 
eds. Nelson textbook of pediatrics. 13th Ed. Philadelphia: 
WB Saunders, 1987:480-513. 

8 Patterson R, Anderson J. Allergic reactions to drugs and 
biologic agents. JAMA 19823;248:2637-~45. 

9 Chesham J, Davies GE. The role of metabolism in the 
immunogenicity of drugs: production of antibodies to a 
horseradish peroxidase generated conjugate paracetamol. 
Clin Exp Immunol 1985;61:224-31. 

10 Morselli PL, Frigerio A. Metabolism and pharmacokinetics 
of carbamazepine. Drug Metab Rev 197534:97-113. 
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Pulse oximetry in acute asthma 


J Bishop, T Nolan 


Abstract 

The predictive value of pulse oximetry was 
evaluated in 100 patients who attended the 
emergency department with acute asthma. 
Oximetry after treatment with a cut off point 
of <91% had a sensitivity of 42% and specific- 
ity of 78% for unfavourable outcome, and 
oximetry before treatment had a sensitivity of 
36% and a specificity of 57%. Despite its low 
sensitivity, oximetry after treatment does 
seem to have a role in minimising diagnostic 
errors in the emergency department, but only 
when used in conjunction with clinical assess- 
ment. 


Patients presenting with acute asthma vary in 
their response to treatment, and the decision to 
admit them is usually made if they fail to 
respond adequately to treatment with a bron- 
chodilator. Although severity of attack is not 
the sole determinant of the need for admission, 
if it is underestimated inappropriate discharge 
may result. It has recently been suggested that 
oximetry may be a useful predictor of the need 
for admission to hospital even though its sensi- 
tivity is relatively poor.’ In this study we aimed 
to show whether arterial oxygen saturation 
(Sao,) on arrival (either before or after initial 


treatment), and change in saturation in response 


to inhalation treatment, would predict admis- 
sion, relapse, duration of inpatient stay, and 
duration of morbidity associated with the acute 
episode that was reported by parents. 


Patients and methods 

The study group comprised patients aged 0°5- 
17 years presenting to the emergency depart- 
ment with a clinical diagnosis of asthma. 
Patients without a history of asthma whose 
symptoms did not subsequently improve (con- 
sistent with the American Thoracic Society 
definition of asthma) were not included.” 

Oximetry was carried out with an Ohmeda 
Biox 3700 pulse oximeter both on arrival at the 
emergency department and again at least 35 
minutes after treatment with nebulised salbuta- 
mol. The signal strength was monitored until 
stable measurements were obtained. 

Treatment was by inhalation of 0°5% salbuta- 
mol (1 ml diluted to 4 ml with saline) for 10 
minutes by nebuliser driven by air at 8 I1/ 
minute. Inhalations were repeated after 20-30 
minutes if indicated. Patients who responded to 
treatment (resolution of dyspnoea, wheeze, and 
use of accessory muscles) were sent home with 
instructions to continue with bronchodilator 
treatment, or take a short course of predniso- 
lone in tapering doses, or both. Patients who 


(Arch DisChild 1991;66:724-725). responded inadequately were admitted to hospi- 


tal. The maximum duration of emergency room 
treatment was five to six hours. Other factors 
influencing the decision to admit included 
distance of home from the hospital and social 
circumstances. All clinical assessments were 
made without knowledge of Sao, measure- 
ments. 

Sensitivity and specificity were calculated for 
the prediction of admission and also for the 
prediction of unfavourable outcome, which was 
defined as admission to hospital, or representa- 
tion for medical care within five days, or 
parent dissatisfaction with the child’s condi- 
tion after the visit to the emergency room. ! 

The inpatient treatment was measured by the 
length of time for which the child had required 
nebulised salbutamol (every two hours or more 
often), which was noted in the hospital records. 
Functional impairment was measured by the 
parent’s estimate of the total number of days 
that the child had been unwell, which was 
obtained by follow up by telephone two weeks 
after attendance. 


Results 

One hundred patients with a mean (SD) age of 
5:9 (4:4) years were entered in the study. 
Thirty patients had oximetry carried out before 
treatment only; of these 10 had mild asthma and 
were discharged from the emergency room 
without receiving inhalation treatment, and two 
had severe attacks and were admitted immedi- 
ately. Forty six patients had oximetry carried 
out before and after treatment, the remaining 24 
had readings done after treatment only. Forty 
two patients were admitted at this attendance, 
four were sent home but returned later and were 
then admitted, five families stated at follow up 
that after discharge from the emergency depart- 
ment they had taken their child to a general 
practitioner or elsewhere for further medical 
care, and one parent was unhappy that the child 
had been discharged from the emergency 
department. A total of 52 patients, therefore, 
had an unfavourable outcome. 

The mean (SD) Sao, on arrival was 92°5 
(3°50)% and was identical to that after treat- 
ment. The correlation between Sao, after treat- 
ment and heart rate was —0°32 (p=0-008) and 
respiratory rate —0:37 (p=0°002). 

Analysis of variance showed that there was no 
overall significant difference in Sao, before 
treatment among patients who were discharged 
home, who were discharged and then admitted, 
or who were admitted straight away (p=0-30), 
or change in Sao, after treatment (p~0°61), but 
the mean Sao, values after treatment for the 
three groups were 93°6%, 92°7%, and 91°7%, 
respectively (p=0°07). The lack of overall dif- 
ference in change in Sao, concealed the fact that 
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patients with initially low Sao, values and little 
change after treatment were more likely to have 
an unfavourable outcome than those who did 
show improvement (p=0°004, fig 1). 

Figure 2 shows that oximetry values before 
treatment are little better than chance at pre- 
dicting outcome (p=0-23),? and that oximetry 
values after treatment are significantly better 
than chance (p=0-025), and substantially better 
than values before treatment (p=0-065).* The 
sensitivites and specificities of the Sao, values 
after treatment were 42% and 78% taking 91% 
or less of predicted normal as the cut off point, 
67% and 46% taking 93% or less as the cut off 
point, and 72% and 43% taking 94% or less as 
the cut off point. The positive predictive value 
of the Sao, values after treatment taking 91% or 
less as the cut off point (and a prevalence of 
61%) was 75%, and the negative predictive 
value was 46%. 

Of the 46 children who had both Sao, values 
measured, 90% of those who were 91% of 
predicted normal or less on both occasions had 
an unfavourable outcome (sensitivity 45%, spe- 
cificity 94%). This equates to a superior positive 
predictive value of 90% and a negative predic- 
tive value (similar to Sao, after treatment alone) 
of 42%. 

The overall mean (SD) duration of frequent 
inhalations was 14°6 (11°92) hours and neither 
of the Sao, measurements predicted the dura- 
tion. This result was not altered when adjust- 
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ment for age was made in Cox’s proportional 
hazard regression. 

The mean number of days that a child was 
unwell was longer (3°0 days) among those with 
low saturation on arrival but not significantly 
different from those with high saturation on 
arrival (1°6 days; p=0°19). The children with 
low saturation after treatment were unwell for a 
mean of 4°] days, which was significantly longer 
than for those with high saturation after treat- 
ment (1-5 days; p=0°003). Adjustment for age 
group and sex (Cox’s proportional hazard 
regression) confirmed that the low saturation 
group had 0°6 times the probability of recover- 
ing compared with children whose saturation 
values were above the cut off point (95% 
confidence interval 0-35 to 1:09). 


Discussion 

In emergency assessment of acute asthma, a test 
with high negative predictive value is desirable 
when the goal is to minimise the risk of 
inappropriate discharge. The poor sensitivity of 
oximetry shown in this and previous studies 
makes it inadequate on its own because there 
are too many false negative results.’ Oximetry is 
a potentially useful diagnostic aid, however, if it 
is used in a way that takes account of its high 
specificity and in combination’ with another 
diagnostic test of high sensitivity. Of the many 
clinical severity scales studied, one with a 
particularly high sensitivity is the pulmonary 
predictive index of Skoner et al,’ which is 
based on inspiratory breath sounds before 
treatment, wheezing after treatment, and the 
difference between respiratory rates before and 
after treatment. It has 95% sensitivity (and 66% 
specificity) for predicting the need for admis- 
sion. 

We calculated the value of using oximetry 
followed by the pulmonary predictive index for 
those with a negative result on oximetry before 
and after treatment. Assuming a prior likeli- 

ood of admission of 50%, the combined tests 
would achieve an overall 72% positive predic- 
tive value and 94% negative predictive value. 
This means that if these two tests were the 
criteria for decision making, we would expect 
37% of all admissions to be unnecessary, but 
only 4% of all discharges to be inappropriate. 

In summary, oximetry alone seems to be of 
limited value in the emergency assessment of 
acute asthma in children. Indeed, few would 
suggest that this should ever be the case. 
Oximetry after treatment does seem to have a 
role in combination with clinical assessment in 
minimising diagnostic errors in the emergency 
room. 


1 Geelhoed GC, Landau LI, LeSouef PN. Predictive value of 
oxygen saturation in emergency evaluation of asthmatic 
children. BMF 1988;297:395-6. 

2 American Thoracic Society. Chronic bronchitis, asthma, and 
pulmonary emphysema. Am Rev Respir Dis 1962;85:762--8. 

3 Hanley JA, McNeil BJ. The meaning and use of the area 
under a receiver operating characteristic (ROC) curve. 
Radiology 1982;143:29-36. 

4 Hanley JA, McNeil BJ. A method of comparing the areas 
under receiver operating characteristic curves derived from 
the same cases. Radiology 1983;148:839-43. 

5 Skoner DP, Fischer T], Gormley C, et al. Pediatric predictive 
index for hospitalization in acute asthma. Ann Emerg Med 
1987;16:25-31. 
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Intussusception in cystic fibrosis 


M Holmes, V Murphy, M Taylor, B Denham 


Abstract 

Two cases of acute intussusception in older 
children with cystic fibrosis are reported. 
Both cases presented with symptoms and 
signs consistent with meconium ileus equiva- 
lent, which delayed the final diagnosis. Both 
cases required abdominal surgery but made 
full and uneventful recoveries. 


Intussusception occurring after the age of 2 
years is relatively rare, but occurs in at least 1% 
of the population with cystic fibrosis.! We 
report two cases of intussusception occurring in 
patients with cystic fibrosis. A specific aetiology 
could not be found in either case. 


Case reports 

CASE 1 

A boy was diagnosed as having cystic fibrosis at 
the age of 18 months by three positive sweat 
tests (his sweat sodium concentrations were 
100, 100, and 113 mmol/l). He had been on 
pancreatic supplements since then with daily 
physiotherapy and regular courses of intrave- 
nous antibiotics. He had occasional meconium 
ileus equivalent, which had always settled 
promptly on treatment with 50 ml of oral 
Gastrografin (Schering, a mixture of sodium 
and meglumine diatrizoate). He was admitted to 
hospital age 10 years complaining of sudden 
onset of colicky abdominal pains and loose 
stools. Abdominal examination was normal. A 
plain radiograph of his abdomen showed ap- 
preciable retention of faeces consistent with 
meconium ileus equivalent. Gastrografin (50 
ml) was given orally. The stools became more 
loose and more ‘frequent over the subsequent 
three or four days but no relief was obtained. 
An abdominal ultrasound was performed which 
showed considerable constipation. A further 50 
ml of oral Gastrografin was given. The next day 
the patient passed bright red blood rectally. A 
repeat plain radiograph of his abdomen (with 
the small bowel outlined by the Gastrografin) 
showed an obstruction at a point on the right 
side of the abdomen. A laparotomy was per- 
formed and an extensive ileocolic intussuscep- 
tion was found extending into the descending 
colon. The intussusception was reduced with- 
out resection. No underlying cause was found. 
Postoperative recovery was uneventful and the 
patient was discharged home two weeks later on 
normal diet and pancreatic supplements. There 
was no exacerbation of his chest condition 
during the illness. 


CASE 2 
A boy was diagnosed as suffering from cystic 


fibrosis at the age of 6 months by three positive 
sweat tests (his sweat sodium concentrations 
were 100, 105, and 108 mmol/l). He had been 
on pancreatic supplements with daily phy- 
siotherapy since then and regular courses of oral 
antibiotics for intercurrent infections. He had a 
history of intermittent bouts of abdominal pain 
with constipation. He was admitted to hospital 
at age 4 years complaining of colicky abdominal 
pains and constipation. Abdominal examination 
was normal. A clinical diagnosis of meconium 
ileus equivalent was made. Acetylcysteine was 
commenced (5 ml three times a day). The 
patient developed loose stools of increasing 
frequency over the subsequent three days, but 
otherwise showed no symptomatic improve- 
ment. A vague mass was identified in the left 
upper quadrant which was thought to be faeces. 
This theory was supported by a plain radio- 
graph of his abdomen. Daily bowel washouts 
were commenced and the patient’s condition 
improved sufficiently over the subsequent five 
days for him to be discharged from hospital. 
The next day he was readmitted with an 
occurrence of the original symptoms. Examina- 
tion showed a distended abdomen but nothing 
else. A plain radiograph of his abdomen 
showed a complete absence of gas in the splenic 
flexure and descending colon but no dilated 
loops of bowel or fluid levels. Abdominal 
ultrasound showed echogenic masses through- 
out the colon that were thought to be due to a 
faecally loaded colon. Subsequent plain radio- 
graphs of his abdomen showed dilated loops of 
bowel and fluid levels. A laparotomy was 
performed because of the acute obstruction. An 
ileocaecal intussusception was found with rup- 
ture of the apex of the intussusception through 
the wall of the sigmoid colon. A resection of 
bowel was performed with ileocolic anastamo- 
sis. As the sigmoid colon at the site of rupture 
was of doubtful viability a colostomy was 
fashioned with a view to later repair and 
closure. This was done one month later. His 
recovery was uneventful. He was discharged on 
normal diet and pancreatic enzyme supplements 
and the problem has not recurred. 


Discussion 

Acute intussusception is a common surgical 
problem in the first two years of life but is rarely 
observed in the older child.” It is a recognised 
complication in the older children who suffer 
from cystic fibrosis and its incidence has been 
put at 1% with an average age of onset between 
9 and 12 years.! Despite this fact, it is a compli- 
cation that is difficult to diagnose and is often 
overlooked.” It may present with identical 
symptoms to meconium ileus equivalent. Intus- 
susception may not cause complete obstruction 
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and although common presenting symptoms are 
colicky abdominal pains, vomiting and disturb- 
ance of bowel habit, absolute constipation, 
abdominal distention, and rectal bleeding are 
less commonly described.! Abdominal examina- 
tion may be essentially normal apart from a 


. faecal mass’. Bowel sound may be normal. 


Plain radiographs of the abdomen and abdomi- 
nal ultrasound may not always be helpful in dis- 
tinguishing intussusception from meconium 
ileus equivalent and a barium enema may be 
necessary. Some cases may not be diagnosed 
until laparotomy as in the two cases described 
here. Unlike intussusception in small children, 
hydrostatic reduction in older children is less 
successful and surgical reduction with or with- 
out resection is often necessary.’ * Apart from 
thick putty like material in the caecum (prob- 
ably due to a combination of pancreatic enzyme 
deficiency and thick sticky mucus) no under- 
lying cause is usually found.* It is thought that 
an inability of the intestine to propel the thick 
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putty like inspissated faeces along acts as the 
precipitating factor. 


CONCLUSION 

Although intussusception is a recognised com- 
plication of cystic fibrosis it is rarely reported. It 
can present in a similar way to meconium ileus 
equivalent. This may delay diagnosis. Where a 
presumptive case of meconium ileus equivalent 
fails to respond to Gastrografin or another 
appropriate osmotic agent, a diagnosis of intus- 
susception should be considered. 


‘The authors thank Mr Prem Puri and Professor Eddie Guiney. 
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Fatty infiltration in the liver in medium chain acyl 
CoA dehydrogenase deficiency 


HC Losty, P Lee, M Alfaham, O P Gray, J V Leonard 


Abstract 

Fatty infiltration of the liver at postmortem 
examination has been recommended as a 
criterion for selection of infants who have 
died suddenly and unexpectedly for further 
biochemical investigation for disorders of 
fatty acid oxidation. We describe a boy with 
medium chain acy! CoA dehydrogenase defi- 
ciency who died four months after diagnosis 
and in whom only minimal hepatic fatty 
infiltration was found. 


Medium chain acyl CoA dehydrogenase 
(MCAD) deficiency is an inherited disorder of 
fatty acid metabolism in which the ability to 
oxidise fat is impaired.’ Patients often present 
within the first two years of life with hypogly- 
caemia, acute encephalopathy similar to Reye’s 
syndrome and sudden, unexpected death. 
MCAD deficiency and the other rarer defects of 
fatty acid oxidation may be responsible for up to 
5% of sudden, unexpected deaths in infancy 
(SIDS),? but it is not feasible to investigate 
all SIDS for fatty acid oxidation defects. As 
affected infants have had pronounced fatty infil- 
tration of liver and muscle at postmortem 
examination, it has been recommended that this 
be used as a selection criteria.” We now report a 
patient with MCAD deficiency who died sud- 
denly and unexpectedly four months after 
diagnosis. At postmortem examination only 
minimal fatty change in the liver was present. 


Case report 
This boy was the first child of unrelated 
parents, and he had been well until the age of 14 
months when he presented with convulsions. 
For the previous 24 hours he had been febrile 
and had vomited several times. Several mem- 
bers of his family had diarrhoea and both 
Giardia lamblia and rotavirus were subse- 
quently isolated from the patient’s and the 
grandfather’s stools. On admission he was 
unconscious with left sided focal seizures. He 
was hypoglycaemic (plasma glucose concentra- 
tion 0°5 mmol/l) with a mild metabolic acidosis 
(pH 7°31, base deficit 10 mmol/l). Initially there 
was no hepatomegaly but during the next three 
days the liver became palpable 4 cm below the 
costal margin. His plasma ammonia concentra- 
tion was 60 umol/l. Although the aspartate 
transaminase activity was 204 IU/l (normal 
range up to 45 IU/l) and the alkaline phospha- 
tase 1766 IU/l (normal range up to 340 IU/]), his 
alanine transaminase, ‘y-glutamyltransferase, 
bilirubin, and prothrombin time were normal. 
Electroencephalography demonstrated severe 
widespread abnormality with right sided focal 
features. He was treated with intravenous 
dextrose and diazepam but despite correction of 
the hypoglycaemia he had further convulsions 
over the next three days. He made a gradual 
recovery associated with a transient left sided 
weakness. 

Analysis of organic acids in the urine col- 
lected on admission showed a hypoketotic 
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dicarboxylic aciduria, and the presence of hex- 
anoylglycine and suberylglycine was confirmed 
by gas chromatography-mass spectrometry. He 
had appreciable reduction in free and total 
plasma carnitine concentrations (both less than 
10 umol/l) and excreted phenyl propionyl gly- 
cine after a phenyl propionate load. MCAD 
deficiency was confirmed by a reduced activity 
of 1-1*C-octanoate oxidation (0°68 nmol carbon 
dioxide (CO,)/hour/mg protein; controls 2:1- 
3-6 nmol CO,/hour/mg protein) in cultured skin 
fibroblasts (G Besley, Royal Hospital for Sick 
Children, Edinburgh). He was discharged on 
treatment with phenobarbitone but despite 
therapeutic concentrations he continued to have 
fits of short duration. The family was given 
instructions about a high carbohydrate, low fat 
diet and a detailed plan about his management 
during any intercurrent illness. 

At the age of 18 months he was found one 
morning convulsing in bed, no abnormality was 
found on admission, and he was allowed home. 
Two days later he became mildly unwell, 
vomited once, and was given several high 
carbohydrate drinks. He recovered during the 
day only to be found dead the next morning. On 
postmortem examination no abnormality was 
found. In particular frozen sections of the liver 
were stained for oil red 0 and showed only slight 
fatty change and not the panlobular steatosis 
that has been described. 


Discussion 
The poor outcome in this case emphasises the 
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mortality associated with MCAD deficiency. 
However, most of the patients with MCAD 
deficiency who have died suddenly have a 
history of poor feeding during an intercurrent 
illness. This patient is unusual in that he 
received a high carbohydrate intake during his 
illness which, although it appeared to limit fat 
accumulation in the liver, did not prevent his 
death. It may therefore be necessary to give 
carnitine supplements and to continue a high 
carbohydrate intake during recovery from an 
acute illness. 

An alternative explanation is that death may 
have been due to an epileptic fit but, although 
recognised as a cause of sudden, unexpected 
death, it is very rare in children.* It seems more 
likely that this patient died as a result of a fatty 
acid oxidation defect. 

The absence of significant fatty infiltration of 
the liver has important implications for investi- 
gation of SIDS as it-suggests that fatty change 
cannot be used as a reliable screening test to 
identify a high risk group likely to have a defect 
of fatty acid oxidation. 


1 Nyhan WL. Abnormalities of fatty acid oxidation. N Engl 
J Med 1988;319:1344-6. 

2 Bennett MJ, Allison F, Pollitt RJ, Variend S. Fatty acid 
oxidation defects as causes of unexpected death in infancy. 
In: Tanaka K, Coates PM, eds. Fatty acid oxidation. New 
York: Liss, 1989:349--64. 

3 Editorial. Sudden infant death and inherited disorders of fat 
oxidation. Lancet 1986;1i:1073—5. 

4 Dashieff RM, Dickinson LJ. Sudden unexpected death of 
epileptic patient due to cardiac arrhythmia after seizure. 
Arch Neurol 1986;43:194-6. 





General practitioner training needs for child health 


surveillance 


L C Goodhart 


Abstract 
A postal questionnaire was sent to 136 Hack- 
ney general practitioners inquiring about their 


‘plans for child health surveillance. A total of 


112 responded and detailed their training 
needs, both practical and theoretical. Ninety 
one responders were providing or planning to 
provide surveillance. Responders were eager 
for further training particularly in premature 
baby follow up, mental handicap, speech and 
hearing assessment, and social and behaviou- 
ral problems. 


For some years there have been proposals to 
develop the role of general practitioners in child 
health surveillance. In 1976 the Court report 
proposed that there should be general practi- 
tioner paediatricians,’ but the General Medical 
Services Committee and the Royal College of 


(Arch Dis Child 1991;66:728-730). General Practitioners felt unable to support 


this? because it undermined the strength of the 
general practitioner as a generalist. 

As the health and development of young 
children are so closely related to family circums- 
tances, it is right that child health surveillance 
should be regarded as part of family medicine. 
General practitioners can bring together preven- 
tive and therapeutic care to provide a fully 
integrated child health service, a concept that is 
now firmly supported by general practitioners 
and paediatricians alike. However, the inclusion 
of paediatric surveillance in the new contract 
requires evidence of additional training if gen- 
eral practitioners are to be remunerated for 
this work. 

In a 1985 survey of the qualifications of, and 
services provided by, general practitioners in 
the north of England, Marsh concluded that 
developmental screening, and even general 
paediatrics, was not yet safe with general 
practitioners.” Similarly Wilmot, who ques- 
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Table 1 General 
practitioners’ plans to 
provide child health 
surveillance (n=129)* 


No(%) 
of 
principals 


Definitely continue 49 (38) 


Probably continue 3 (2) 
Definitely start 27 2D 
Probably start 8 (6) 
Will not start 41 (32) 
Plan to stop i (1) 


*Excludes seven trainees. 


tioned general practitioner trainees, showed 
that although 72% had worked in hospital 
paediatrics and 66% wanted to provide child 
health surveillance, only 34% felt confident to 
do so.* 

After work to define the knowledge, skills, 
and attitudes general practitioners need to 
provide child health surveillance, recommenda- 
tions have been made on the training 
objectives.” However, there has been little con- 
sultation with family doctors to determine their 
perceived educational needs. 

This study was organised to ensure that 
proposed training courses would be tailored to 
local need, but the results may also reflect the 
needs of general practitioners nationally. 


Methods 

A questionnaire was sent to all Hackney general 
practitioners inquiring about the plans for child 
health surveillance services, and to discover 
their perceived training needs. 

In Hackney, developmental checks are nor- 
mally done at 6 weeks and 15 months of age by a 
doctor (general practitioner or community 
medical officer), and at 8 months and 2°5 years 
by a health visitor. The general practitioners 
were asked whether their practice provided all 
these preschool checks and were considered to 
do so whether health visitor checks were done at 
the surgery or a local health centre. 

The doctors were asked about their qualifica- 
tions, training, and experience and whether 
they ‘felt confident’ or would ‘welcome further 
training’ in 19 relevant topics. 

Reminders were sent after one month and 
non-responders were contacted by telephone to 
determine whether they intended to provide 
child health surveillance. 


Results 

A total of 112 of the 136 general practitioners 
(82% response) including five of the seven 
trainees returned the questionnaire. Ninety one 
of the responders (including three trainees) 
were from practices who were providing or 
planning to provide child health surveillance. 
Ali other practices were successfully contacted 
by telephone to determine their intentions to 
provide child health surveillance. The 24 non- 
responders were spread between practices who 
were already providing (n=8) or planning child 
health surveillance (n=7), those who were not 
(n=7), and trainees (n=2). However, only six of 
the non-responders had personally applied to 
join the child health surveillance list. 


GENERAL PRACTITIONERS’ INTENTIONS 

All the general practitioner principals were 
asked whether they already provided ‘all pre- 
school checks’, and whether they were likely to 
start or continue to provide this service in the 
next year (see table ]). 


EXPERIENCE 
Altogether 35 (38%) of the 91 responders from 
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practices likely to provide all preschool checks 
had held a paediatric post with ‘some training in 
developmental paediatrics’. For most this was 
during a hospital job, although some had also 
worked in the community. Nearly half of the 
doctors felt they had gained their experience in 
a general practitioner run child health surveill- 
ance clinic. Thirty one (34%) general practition- 
ers had attended a postgraduate course in 
developmental paediatrics and 19 (21%) had the 
Diploma in Child Health or MRCP specialising 
in paediatrics (see table 2). 


PERCEIVED TRAINING NEEDS 
The doctors were asked whether they wanted 
further training in all the topics and whether 
this should be theoretical, practical, or both. 
The perceived training needs are shown in the 
figure as responders who wanted further train- 
ing in each subject. It was interesting that the 
perceived training needs of doctors who had 
first hand experience of child health surveill- 
ance were very similar to those who had not. 
Follow up of premature babies and mental 
handicap featured high in the list of training 
needs, as did the social development and 
behavioural problems of children. General prac- 
titioners wanted to learn more about child abuse 
but felt that they needed practical experience. 
They particularily requested practical training 
for speech and hearing assessment, and for the 
milestone checks of older preschool children. 
Paediatric orthopaedics and dental health prom- 
otion also stood out as gaps in knowledge. 


Table 2 Experience in developmental paediatrics 








No (%) 
of doctors* 
Hospital paediatric job 30 (33) 
Community paediatric job 15 (17) 
General practitioner run child health surveillance 
clinic 42 (46) 
Postgraduate course 31 (34) 


Diploma of Child Health or MRCP in paediatrics 19 (21) 


*Some doctors had more than one type of experience. 
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Training needs of 91 Hackney general practitioners who 
provided or were planning to provide child health 
surveillance (includes three trainees). 
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There was, however, relative confidence with 


` regard to immunisations, 6 week checks, heart 
- murmurs, and other medical and surgical prob- 


lems, which were perhaps well covered by 
vocational training. 


Discussion 

This study was done in a deprived inner city 
area where previous training and experience in 
paediatric surveillance has been low compared 
with other parts of the country. The high 
response rate suggests enthusiasm towards child 
health surveillance and an eagerness for approp- 
riate training. General practitioners were fairly 
clear about the areas in which they wanted more 
training and opinion tended to be consistent. 

As general practitioners perform more 
paediatric surveillance the health authority role 
may change, with training and advice for 
general practitioners becoming as important as 
providing clinical services. While theoretical 
courses can readily be tailored to address gaps in 
knowledge, the high demand for practical train- 
ing has implications for community services. 
Speech therapy and audiology departments, 
district handicap teams, child guidance and 
social services could all provide training on an 
individual or small group basis. 

The fact that so many doctors gain their 
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experience of child health surveillance within 
general practice suggests that the training role 
of these general practice clinics should be 
recognised and enhanced. This could be 
achieved through regular support from senior 
community paediatricians, perhaps visiting and 
contributing to after clinic meetings. 

The key to a successful child health prog- 
ramme lies in the relationship between doctors, 
health visitors, and others in the community 
health services. Multidisciplinary refresher 
training is one way to strengthen these links at 
the grass roots but such courses must address 
specific needs. Although this survey provides 
information about the topics general practi- 
tioners would wish to cover, it would be helpful 
to have the same information from the other 
professionals. 


1 Committee on Child Health Services. Fit for the future. 
London: HMSO, 1976:448. (Court report.) (Cmmd 6680.) 

2 Donald AG, chairman. The care of children—college policy. 
J R Coll Gen Pract 1978;28:553-6. 

3 Marsh GN, Russell D, Russell I. Is paediatrics safe in general 
practitioners’ hands? A study in the north of England. 7 R 
Coll Gen Pract 1989;39:138-41. 

4 Wilmot JF. Preparation for paediatric surveillance. A survey 
> nr general practitioners. The Practitioner 19845228: 


5 Horder JP, chairman. The paediatrics training required in 
ae oe practitioner. 7 R Coll Gen Pract 1976526: 
6 Burke P, Bain J. Paediatric developmental screening: 
- ae general practitioners. 7 R Coll Gen Pract 1986; 





Haem arginate in acute hereditary coproporphyria 


D J Manning, T A Gray 


Abstract 

An il year old boy presented with severe 
acute hereditary coproporphyria. Despite 
supportive measures his condition deterio- 


-rated after admission. Haem arginate, started 


two days after presentation, produced appre- 
ciable inhibition of porphyrin precursor over- 
production and clinical improvement. 


Hereditary coproporphyria is the least common 
of the hepatic porphyrias. About 35% of cases 
present acutely.! Recently haem arginate, a 
stable haem compound, has been shown to 
reduce porphyrin precursor overproduction 
during acute attacks.” We report its use during 
severe acute hereditary coproporphyria. 


Case report 

An 11 year old boy was admitted after a 
generalised seizure. He was vomiting for nine 
days despite prochlorperazine and metoclopra- 
mide, and had lethargy, abdominal pain, and 
constipation for four days. He had eaten little in 
the week before admission. Apart from consti- 
pation he was previously well. His father, aged 


44, had mild hypertension. Otherwise there was 
no significant family history. 

On examination he was agitated and con- 
fused, but localising pain appropriately. Axil- 
lary temperature was 36°5 °C. The pupils were 
dilated but reactive, and there was no papil- 
loedema. The ankle jerks were brisk, with 
clonus, and the plantar responses were equivo- 
cal. The pulse rate was 160/minute and blood 
pressure 150/110 mm Hg. The precordial 
impulse was hyperdynamic. The respiratory 
rate was 16/minute with shallow breaths. 
Abdominal examination was normal. 

Investigations showed a normal peripheral 
white cell count and differential. Plasma urea 
concentration was 10 mmol/l, glucose 9°7 mmol/ 
l, and electrolytes were normal. There was 
mixed respiratory and metabolic acidosis with 
arterial pH 7°083, carbon dioxide tension 8°27 
kPa, oxygen tension 14-4 kPa, and base excess 
—12-9. Computed tomography of the brain was 
normal, and lumbar puncture showed normal 
cerebrospinal fluid. 

Seizures persisted despite intravenous diaze- 
pam and he was given a single loading dose of 
intravenous phenytoin followed by a clonaze- 
pam infusion. Hypertension and tachycardia 
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Haem arginate in acute hereditary coproporphyria 


Urine porphyrin precursors before, during, and after 
treatment with haem arginate. Day 0 is the day of 
presentation 





Day DALA Porphobilinogen 
(umolll)f (umolil)f 

0 758-0 3550 

A 

3* 

4* 25°6 20°2 

5* 24:7 ND 

6 21:0 4°7 

7 42-1 51 

8 137 3-1 


*Indicates days on which haem arginate (100 mg) was given. 
+Reference ranges: DALA, 0-8-34-3 pmol/l; porphobilinogen, 
0-8-3 nmol/l. 


persisted, and there was progressive diminution 
in level of consciousness, accompanied by dys- 
tonic posturing and loss of the gag reflex. This 
deterioration continued despite stopping the 
clonazepam. Serum sodium concentration fell 
from 134 to 124 mmol/l with a urine sodium of 
131 mmol/l. Urine osmolality was 940 mosm/kg 
compared with serum osmolality 245 mosm/kg, 
consistent with inappropriate antidiuretic hor- 
mone secretion. Urine studies showed massively 
raised porphyrin precursors (table). Suppor- 
tive treatment consisted of intravenous 
dextrose, ventilation, fluid restriction, and 
demeclocycline. In order to inhibit porphyrin 
precursor overproduction, haem arginate was 
started two days after admission. | 

There was gradual clinical improvement dur- 
ing the next three days, and blood pressure and 


pulse returned to normal. Improvement began | 


three days after the phenytoin and 1-5 days after 
clonazepam was stopped. No further seizures 
occurred and he was successfully weaned from 
ventilation on the fourth day of treatment with 
haem arginate. There was a dramatic fall in por- 
phyrin precursor overproduction (table) and 
rise in serum sodium concentration to 136 
mmol/l. This improvement continued after 
treatment with haem arginate was stopped and 
three weeks after admission he was clinically 
normal. 

Faecal coproporphyrins were raised to 320 
(normally up to 46) nmol/g dry weight. Epstein- 
Barr virus transformed lymphocytes showed 
reduced coproporphyrinogen oxidase activity: 
4:7 nmol carbon dioxide/hour/mg protein com- 
pared with control values (range) of 8°8 (7°4- 
10:3), indicating hereditary coproporphyria. 
Similar activities were found in lymphocytes 
from his brother and mother indicating that he 
was affected and she was the carrier. 


Discussion 
This boy presented with classic features of acute 
porphyria: abdominal pain, constipation, hy- 
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pertension, encephalopathy, and inappropri- 
ate antidiuretic hormone production. Possibly 
phenytoin, given before the diagnosis was 
made, contributed to the deterioration after 
admission. Although hereditary coproporphyria 
is reputedly milder than acute intermittent 
porphyria, this episode was undoubtedly life 
threatening. 

Haem production regulates, by feedback 
inhibition, d-amino laevulinic acid (DALA) 
synthase. In acute porphyria defective haem 
biosynthesis results in overactivity of this 
enzyme. Clinical features are thought to be due 
to consequent overproduction of porphyrin 
precursors, though haem deficiency may also be 
relevant. For these reasons treatment with haem 
has been advocated. Haematin, produced by 
dissolving haemin in alkali, was first used. Solu- 
tions of haematin are unstable, which may have 
contributed to clinical ineffectiveness. In addi- 
tion, haematin degradation products were 
implicated in side effects, including throm- 
bophlebitis and coagulation disturbances.” 

Recently, haem arginate has been shown to 
be much more stable than haematin with 
stability in stock solution of 96% in two years.” 
In a double blind study in 12 patients with acute 
intermittent porphyria, haem arginate signifi- 
cantly inhibited porphyrin precursor over- 
production.” Clinical benefits were less 
striking, the treated group showing non- 
significant reductions in analgesic requirement, 
pain score, and duration of admission. The only 
side effect noted was mild phlebitis at the 
injection site in five patients. The authors 
suggested that the lack of statistical significance 
was due to the small numbers studied. They 
recommended that haem arginate be given to 
patients with severe attacks or those with 
peripheral neuropathy. 

Porphyria commonly presents around 
puberty and so may present to the paediatri- 
cian. Early diagnosis and appropriate manage- 
ment can lead to complete remission. The most 
important aspects of management are removal 
of aggravating factors, analgesia, careful fluid 
balance, and intensive monitoring. For severe 
cases rational treatment without appreciable 
side effects is now available. 


We thank Dr BAM Smith for permission to report this case, 
Professor A Goldberg for advice with managment, Dr ARW 
Forrest for measuring DALA and porphobilinogen, and Profes- 
sor G Elder for measuring coproporphyringogen oxidase. 


l Brodie MJ, Thompson GG, Moore MR, Beattie AD, 
Goldberg A. Hereditary coproporphyria. Q 7 Med 1977; 
182:22941. 

2 Herrick AL, McColl KEL, Moore MR, Cook A, Goldberg A. 
Controlled trial of haem arginate in acute hepatic 
porphyria. Lancet 198951:1295-7. 

3 Tenhunen R, Tokola O, Linden [-B. Haem arginate: a new 
stable compound. 7 Pharm Pharmacol 1987;39:780-6. 
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Cold agglutinins in haemophiliac boys infected 


with HIV 


P H B Bolton-Maggs, P D Rogan, J K M Duguid, K J Mutton, L M Ball 


Abstract 

Eleven haemophiliac boys infected with HIV 
were screened for irregular red cell antibodies 
and were compared with nine haemophiliac 
boys who did not have antibodies to HIV. 
Seven (64%) of the children who had anti- 
bodies to HIV also had cold agglutinins, 
mostly of anti-I specificity, compared with 
one (11%) of those who did not have anti- 
bodies to HIV. The children with antibodies 
to HIV and cold agglutinins had a significantly 
increased mean IgM concentration. The pre- 
sence of cold agglutinins was not correlated 
with T4 lymphocyte count, symptoms of HIV 
infection, serum ß, microglobulin concentra- 
tions, concentrations of IgG or IgA, or with 
the evidence of past infection with cytomega- 
lovirus or Epstein-Barr virus. 


_ Disturbances of immune function with hyperg- 


lobulinaemia and polyclonal activation of B cells 
are a feature of HIV infection.’ Several auto- 
antibodies have been described in infected 
patients including a variety of red cell 
antibodies.? These are usually of little clinical 
importance, although autoimmune haemolytic 
anaemia has been reported.” The presence of 
red cell antibodies may, however, cause prob- 
lems in blood grouping and cross matching for 
patients requiring transfusion. 

In this study a group of 11 haemophiliac chil- 
dren infected with HIV were screened for ir- 
regular red cell antibodies, and were compared 
with a group of nine HIV antibody negative 
haemophiliac children. Both groups had been 
treated with clotting factor concentrates. 


Patients and methods 

All haemophiliac children infected with HIV 
(11 boys aged 5-15 years) who were registered 
at Mersey regional paediatric haemophilia 
centre were included in the study. A sample of 5 
mi clotted blood was taken, and a further 2 ml 
sample was placed in EDTA as part of the 
routine blood sampling at each visit to the 
clinic. The control group of patients comprised 
nine boys aged 2-18 years with haemophilia A 
or B who were attending the clinic and who had 
received treatment with clotting factor concen- 
trates but who were not infected with HIV, and 
from whom blood was being taken for regular 
monitoring. 

Irregular red cell antibodies were sought by 
the indirect antiglobulin test, and enzyme and 
saline techniques at several temperatures using 
standard methods.* Direct antiglobulin testing 
was also done. Past cytomegalovirus infection 


was detected by the presence of antibodies using 
latex agglutination (CMV-Scan, Becton- 
Dickinson) and IgG ELISA (Captia CMV-G, 
Mercia Diagnostics). Epstein-Barr virus viral 
capsid antigen IgG antibodies were detected 
by immunofluorescence using P3 HRI cells.’ T 
cell subsets were measured in all patients by 
flow cytometry using a Coulter Electronics sys- 
tem. Serum ß, microglobulin concentrations 
were measured by an ELISA (MELISA, Wal- 
ker Diagnostics). 


Results 

Seven of the 11 children infected with HIV 
(64%) had cold agglutinins in the serum com- 
pared with one of nine (11%) in the control 
group. The cold agglutinins were of anti-I speci- 
ficity in all children except one. The difference 
between these group is high significant y7= 
6°455, 1 df, 95% confidence interval (CD. 

All patients and controls had negative direct 
antiglobulin tests except for one child who was 
positive for HIV. 

The presence of cold agglutinins in those 
patients who were positive for HIV did not cor- 
relate with mean T4 lymphocyte count, or 
serum ß, microglobulin concentrations. Mean 
concentrations of immunoglobulins of all classes 
were increased in those children positive for 
HIV, but only for IgM was there a significant 
difference between the children positive for 
HIV who had cold agglutinins (mean IgM 2:1 
g/l) and those who did not (mean IgM 1-1 g/l, 
p=0-036). 

The incidence of antibodies to cytomegalo- 
virus (2/11) and Epstein-Barr virus (9/11) was 
not increased in patients with cold agglutinins 
compared with those without (1/9 with antı- 
bodies to cytomegalovirus, and 8/9 with anti- 
bodies to Epstein-Barr virus). 

One child positive for HIV had cold aggluti- 
nins the specificity of which could not be deter- 
mined, and he also had a positive direct antiglo- 
bulin test as a result of coating with the comple- 
ment components C3 and C3d. This child did 
not differ from the rest of the children who were 
positive for HIV in respect of the other vari- 
ables. 


Discussion 

HIV infection is accompanied by a variety of 
disturbances of immune function including 
polyclonal B cell activation with raised 
immunoglobulin . concentrations? and autoim- 
mune phenomena. Red cell antibodies have 
been reported, but only rarely with any appa- 
rent clinical effects.” Anaemia is common in 
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HIV infection, but immune haemolysis is not a 
significant cause. In this group of children posi- 
tive for HIV we found a significant incidence of 
cold agglutinins of anti-I specificity compared 
with a group of HIV antibody negative 
haemophiliac children. Cold agglutinins are 
usually of IgM class, and this is consistent with 
our finding of raised IgM concentrations in the 
children with cold agglutinins. Cold agglutinins 
have been described in adult homosexual 
patients positive for HIV,* © and most com- 
monly in those with symptoms related to the 
HIV infection. We found no association, 
however, between cold agglutinins and symp- 
toms related to HIV infection. 

Infective agents can cause sensitisation to red 
cells; both Epstein-Barr virus and cytomegalo- 
virus infection are associated with the develop- 
ment of cold agglutinins. There were no differ- 
ences between the two groups of patients in the 
incidence of seropositivity for cytomegalovirus 
or Epstein-Barr virus. It is likely therefore that 
the cold agglutinins in our patients were associ- 
ated with the HIV infection itself. 

Though six of our seven patients with cold 
agglutinins had anti-I, the other was unique in 
having cold agglutinins of undetermined speci- 
ficity. He also had a positive direct antiglobulin 
as a result of coating with complement compo- 
nents, and he is transfusion dependent. His 
anaemia has only developed since starting 
therapy with azidothymidine, however, and 
does not seem to be caused by haemolysis as he 
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has no reticulocytosis nor increase in his serum 
bilirubin concentration. 

A single case of haemolytic anaemia associ- 
ated with HIV infection which was associated 
with cold agglutinins has been reported and, 
unusually for cold antibodies, the patient 
responded well to treatment with steroids.’ 
None of our patients had symptoms related to 
the cold agglutinins but we had difficulty in 
cross matching until the antibodies had been 
identified, which led to delay in providing com- 
patible blood. Transfusions have been unevent- 
ful since then. 

We can find no other reports of cold aggluti- 
nins in children with HIV infection. This group 
differs from previously described adult patients 
in that they have a high incidence of anti-I. 


1 Falloon J, Eddy J, Wiener L, Pizzo PA. Human immuno- 
a aed virus infection in children. 7 Pediatr 1989;114: 


2 MeGinaiss MH, Macher AM, Rook AH, Alter HJ. Red cell 
autoantibodies in patients with acquired i immune deficiency 
syndrome. Transfusion 1986;26:405-9. 

3 Puppo F, Torresin A, Lotti G, Balleari E, Orlando G, 
Indiveri F. Autoimmune hemolytic anemia and human 
immunodeficiency virus (HIV) infection. Ann Intern Med 
1988;109:249-50. 

4 Petz LD, Garratty G. The serologic investigation of auto- 
immune hemolytic anemia. Acquired immune hemolytic 
anemias. London: Churchill Livingstone, 1980:139-84. 

5 Lennette EH, Schmidt NJ. Diagnostic procedures for viral, 
rickettsial and chlamydial infections. Sth Ed. Washington: 
American Public Health Association, 1979:453-9, 

6 Pruzanski W, Roelcke D, Donnelly E, Lui L-C. Persistent 
cold agglutinins in AIDS and related disorders. Acta 
Haematol 1986;75:171-3. 
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Day case treatment for children 


Harvey Marcovitch 


Treating children as day cases has been a 
familiar task for paediatricians' and most 
surgeons’ for more than two decades. Born of a 
mixture of humanitarianism and expediency, 
day care is now encouraged by the Department 
of Health because of its perceived value for 
money.” Unfortunately, it is not invariably good 
value for child and parent, particularly as 
services have developed piecemeal and fre- 
quently depend more on the enthusiasm and 
energy of particular people than on any formal 
management plan. 

Caring for Children in the Health Services 
(CCHS),* a working group that includes pur- 
chasers, providers, and consumers, has pub- 
lished its fourth report; this deals with day care 
and is entitled Fust for the Day.* Numerous 
people and organisations were invited to give 
evidence, including Royal Colleges, profes- 
sional and voluntary organisations, health 
authorities, hospitals, and parents. The findings 
are best introduced by the words of a consumer: 


‘A 3 year old was booked in as a day case for circumci- 
sion. The only preparation he or his parents received was 
a map of the hospital, an out of date guide to the chil- 
dren’s ward (obviously designed for long stay inpatients), 
and instructions on overnight fasting. On arrival he was 
put to bed in a general paediatric surgical ward where the 
staff seemed to his mother to be far too busy with ill chil- 
dren to give him much of their time; nobody could pre- 
dict when he would be going to theatre and his mother 
was not permitted to carry him or wheel him there, or to 
accompany him into the anaesthetic room. He was fright- 
ened by being transported on an adult sized trolley by 
two figures in theatre dress. 

By the time of operation he had been starved for 14 
hours and had been pleading incessantly for a drink. Left 
at the theatre door his mother was not told where she 
might wait, when her son would be returned to the ward, 
or whether she could obtain refreshments for herself. 
Like many mothers she had starved vicariously with her 
child. 

He seemed comfortable when he returned but later 
attempts by his mother to obtain analgesia were met with 
the comment that nothing had been written up and the 
doctors were all in theatre. At 9 pm a nurse approached, 
seemed surprised to see them and said: “What are you 
doing here? You should have gone home hours ago” ’. 


The hospital concerned is a major teaching unit 
but complaints of this sort came from parents 


*Caring for children in the health services, 7 Belgrave Place, 
Clifton, Bristol BS8 3DD, represents: the Royal College of 
Nursing, the National Association of Health Authorities and 
Trusts, the National Association for the Welfare of Children in 
Hospital, and the British Paediatric Association. Co-opted were 
the British Association of Paediatric Surgeons, the Association of 
Anaesthetists of Great Britain and Ireland, and the College of 
Anaesthetists. 


who had been dealt with in various hospitals 
which had in common only the lack of any cohe- 
rent planning for day services. 

The CCHS survey was not designed to report 
on current practice but the enormous bulk of 
information that was received allowed a reason- 
able assessment of what is happening. There are 
hospitals where the anecdote described above 
would be a most unlikely occurrence. In general 
these hospitals contain day units that were initi- 
ated and are sustained by enthusiasts with a 
designated director, often a nurse, acting within 
clear management policies. 

In many hospitals, however, there are no 
special day case facilities for children, who are 
cared for together with adults without regard 
for their individual needs; day patients and 
inpatients are inappropriately mixed, clerical 
staff are few, and child day patients are rarely 
separately monitored and audited. Perhaps 
because of this there is often little thought given 
to these children as a discrete group: inadequate 
information for parents, non-existent opera- 
tional policies, and too frequent admission over- 
night are some of the results. 

Just for the Day aims to provide a managerial 
tool for hospitals to enable them to provide a 
quality of care equal to the best day units.* The 
result is a comprehensive set of standards, 
including principles for preadmission, transfer 
of care, and care in the community after dis- 
charge. 

Day case investigation and treatment are an 
integral part of the philosophy that demands 
that separation of child from home and family 
should be kept to a minimum, that parents take 
part in decision making, and that they are made 
welcome in our hospitals. Despite the reluct- 
ance of some to change their style of practice the 
increasing proportion of day case treatment is 
evident. The Royal College of Surgeons of Eng- 
land has published guidelines to encourage 
surgeons and health authorities and trusts to 


. undertake more day surgery.” 


The CCHS has found that the increase in the 
amount of day surgery is much more apparent 
in adults than children; the report does not spe- 
culate on the reasons but one might easily be the 
greater pressure on adult inpatient beds as a 
result of financial squeeze. Of the district gen- 
eral hospitals offering evidence, one undertook 
80% of its waiting list admissions as day cases 
and there is well documented information that 
more than half of all the general surgery of 
childhood can be carried out safely in this way. 
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Yet, in many health districts, the figure is below 
10%. An Audit Commission survey of 54 dis- 
tricts found that the day cases were 29°3% of 
hernia repairs, 17:4% of circumcisions, 55:4% 
of myringotomies, and 27% of squint 
corrections.* 

It is too early to predict the effect on day 
surgery of the recommendations of the National 
Confidential Enquiry into Perioperative Deaths 
(NCEPOD), but one of them was that surgeons 
and anaesthetists should not undertake occasio- 
nal paediatric practice and that consultants who 
care for children must keep up to date and com- 
petent in their management.’ In district hospi- 
tals without paediatric surgeons this might use- 
fully lead to an agreement whereby a particular 
surgical and anaesthetic team took major 
responsibility for operating on children. CCHS 
welcomed the setting up in 1990 of the British 
Association of Day Surgery the aim of which is 
to promote high standards throughout the 
United Kingdom. 


So far as non-surgical day care is concerned, 


the national performance indicators for medical 
paediatrics show an average for day cases of 
only 2%, which tells us a lot more about the col- 
lection of data than it does about how paediatri- 
cians work.® The confusion between ‘ward 
attenders’ and day cases has been highlighted 
previously by the CCHS.? Many paediatric 
units are still careless over the keeping of these 
Statistics, especially where resource manage- 
ment has made little impact. If the Department 
of Health is to have any inkling about the nature 
of paediatrics in hospitals it is vital that what 
goes on in children’s wards is thoroughly docu- 
mented and reported. 

After assessing the information it received the 
CCHS recommended 12 quality standards for a 
planned package for day care that should be 
used in NHS contracts: 


G) The admission is planned in an integrated 
way to include preadmission, day of admission, 
and postadmission care, and to incorporate the 
concept of a planned transfer of care to primary 
or community services, or both. 

(ii) The child and parent are offered prepara- 
tion both before and during the day. 

(ii) Specific written information is provided 
to ensure that parents understand their respon- 
sibilities throughout the episode. 

(iv) The child is admitted to an area designa- 
ted for day cases and not mixed with acutely ill 
inpatients. 

(v) The child is neither admitted nor treated 
with adults. 

(vi) The child is cared for by identified staff 
specifically designated to the day case area. 

(vii) Medical, nursing, and all other staff are 
trained for and skilled in working with children 
and their families, in addition to having the 
expertise needed for day case work. 

(viii) The organisation and delivery of 
patient care are planned specifically for day 
cases, so that every child is likely to be dis- 
charged within the day. 

(ix) The building, equipment, and fur- 
nishings comply with safety standards for chil- 
dren. 
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(x) The environment is homely and inclu- 
des areas for play and other activities designed 
for children and young people. 

(xi) Essential documentation, including com- 
munication with the primary and community 
services, is completed before each child goes 
home so that aftercare and follow up consulta- 
tions are not delayed. 

(xii) Once care has been transferred to the 
home, nursing support is provided at a doctor’s 
request by nurses trained in the-care of sick chil- 
dren. 

So that they can monitor providers’ com- 
pliance with these standards, purchasers are 
enjoined by the CCHS to identify data from 
which children can be audited separately, day 
cases can be separated from inpatients, rates of 
transfer to inpatient care reviewed, children’s 
and parents’ opinions sought, and the effective- 
ness of integration of hospital and community 
services can be analysed. 

Providers are also offered advice; for 
surgeons this is based on the Royal College of 
Surgeons of England’s specially commissioned 
report, which has been updated by discussion 
with other professional bodies representing sur- 
gical and anaesthetic interests. It includes a list 
of procedures suitable to be done as day cases, 
and reminds clinicians of the American Society 
of Anesthesiology classification for patients 
requiring general anaesthetic. Special note is 
made of premature babies who are still only a 
few weeks past their full term age, or who have 
a history of ventilatory support. 

There have been no similar published quide- 
lines for medical paediatrics so the CCHS has 
taken evidence from all the subspecialties and 
devised a practical list. This includes tolerance 
tests, jejunal biopsy, endoscopy, imaging under 
anaesthesia, setting up or giving intravenous 
treatment, as well as multipurpose day admis- 
sions to undertake clinical measurements, 
investigations and discussion with parents and 
child—for example, in cystic fibrosis, cancer, or 
newly diagnosed diabetes mellitus. 

Of course not all families can take advantage 
of day care facilities. A parent will usually need 
to stay throughout the day and will need to pro- 
vide suitable transport, which certainly does 
not mean public transport, after the proce- 
dure. The adequacy of facilities at home need to 
be taken into account before booking a child as 
a day case. f 

A major problem, especially where there are 
entrenched. views or where capital and space are 
in short supply, is where precisely to locate a 
children’s service. In Just for the Day this is dis- 
cussed, and various models are described as well 
as the ideal. It is best if children are kept 
together in a purpose designed day unit close to 
the operating theatres or with its own integral 
theatre and recovery facilities. An alternative, 
widely practised at present, is to base children 
on a general children’s ward. This has disadvan- 
tages, which were made clear by many of the 
respondents to the CCHS inquiry; both staff 
and parents report the danger of day cases 
becoming ‘second class’ or ‘lodgers’ because 
they are not given a high priority compared with 
inpatients who may be more ill. There is 
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unquestionably a greater chance of the admis- 


sion continuing overnight when the unit is not 
specifically designed for day care. 

Where management on the ward is unavoid- 
able, a reasonable compromise would be to pro- 
vide a separate area of the ward dedicated to day 
cases who are then nursed by designated staff 
without other duties. It might even be practical 
for it to double as overnight parental accom- 
modation. Of course, if the ward is a long way 
from the operating theatres this may simply not 
be feasible. 

An alternative might be to provide a chil- 
dren’s day room for medical procedures (and 
perhaps endoscopy) both for day patients and 
ward attenders. Under these conditions surgical 
day care would be carried out on an adult or 
mixed day unit. This option will not appeal to 
paediatricians, paediatric nurses, and managers 
of children’s services who are likely to feel that 
the environment, staffing, and facilities will not 
meet national recommendations.!*1? 

If such a system is unavoidable there may be 
ways around the problem: for example, an occa- 
sional or periodic children’s list can be built up 
so that, for that particular session, the unit is 
used for children only. Successful adoption of 
this system was reported to the CCHS from 
Exeter and Winchester. At Kingston and Col- 
chester small groups of children were admitted 
to a special room where they could be active 
preoperatively, and recover postoperatively, 
separately from adults in the unit. 

Clinical directors must consider how day 
units should be staffed. Day cases pose a parti- 
cular problem for junior medical staff who can 
be forgiven for seeing them as having a lower 
priority than some of their other patients, but 
the demands are great and time is short when 
dealing with such children and their families. 
These doctors deserve a formal, explicit state- 
ment of their duties in this respect. There 
should be distinct nursing staff; it is likely that 
there are a considerable number of registered 
sick children’s nurses or others trained and 
experienced in the care of sick children who are 
not currently employed in the NHS but pre- 


. pared to return to a flexible part time job. An 


administrator, who may be from a clerical or 
nursing background, is essential. 

A day should be as short as possible. Vessey et 
al have pointed out that being asked to arrive 
too early provokes a period of great stress, with 
an irritable, hungry, and apprehensive child 
(and mother).!” Stepped appointment times 
offer better quality of care but anaesthetists and 
surgeons have told the CCHS that with current 
staffing levels and intensive theatre use such a 
system may not be practicable. Despite this, 
issues must be discussed among surgeons, 
anaesthetists, and nurses so that the reasoning is 
clear to all. The sort of questions that arise are, 
for example: Would parents be willing and able 
to wake a child at 6 am for a drink to cut down 
starvation time? Would it be preferable to have 
children on an early afternoon list so that they 
can have breakfast? Should babies be at the 
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beginning of the list to avoid dehydration or in 
the middle so that they can have an early morn- 
ing feed? 

Many units have provided leaflets and infor- 
mation sheets for parents and children. Some 
are well worth plagiarising—that from South- 
ampton, for example. With the more complex 
consent forms now coming into use, documen- 
tation will take even longer. Surgeons who do 
not already do so might consider obtaining 
informed consent at the time of the outpatient 
visit that precedes the booking. 

In Fust for the Day evidence from a wide range 
of sources has been sifted through a group close 
to where the work is done. Because of this it 
deserves wide circulation; paediatricians and 
surgeons who wish to set up day case services or 
audit their current practice can do no better 
than to use it as a working document.The 
CCHS has produced a statement summing up 
the principles it sees as most important in 
developing policies. For those of us instructed 
to prepare a ‘philosophy’ or ‘mission statement’ 
it 1s readymade. 


Most children, when they are sick are cared for by their 
families within their own homes, with the help of their 
general practitioners and community nurses. Children 
are more vulnerable emotionally than adults so should be 
admitted to hospital only if the care they require cannot 
be provided equally well at home, since hospitalisation 
can be a distressing and difficult experience. 

An admission should always be child-centred, based 
on a partnership between the family and the health care 
team. Children should not be nursed alongside adults 
when hospital care is necessary and should not be admit- 
ted overnight if an equivalent level of care can be pro- 
vided on a day basis. Such admissions involve parents in 
additional responsibilities and entail careful preparation 
and support of the family and effective communication 
between the hospital and primary/community support 
team. 

The planning and delivery of care should recognise the 
multicultural nature and diverse needs of the population 
and provision should be made accordingly. 
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Leo Kanner,! although not the first to describe 
this serious and intriguing developmental dis- 
order of early childhood,’ so precisely captured 
its essential features that the clinical account of 
his first 11 cases has never been bettered. The 
salient characteristics he mentioned were an 
‘extreme autistic aloneness’ from the beginning 
of life, delay and abnormality in language 
acquisition with echolalia and pronomial rever- 
sal, and ‘an obsessional desire for the mainte- 
nance of sameness’ in the presence of islets of 
normality, in particular an excellent rote mem- 
ory. He saw the primary deficit as an inborn dis- 
turbance of affective contact and later described 
similar, although very mild features of emotio- 
nal coldness and obsessionality in the parents. 

Since then research into autism and related 
developmental disorders has flourished, there is 
a journal entirely devoted to them and, although 
they are so rare, their elucidation promises to 
shed light on many unanswered questions both 
about normal development of language and 
sociability and about the nature of a number of 
clinical conditions. 

Recent growth areas of research have been 
the genetics of autism, the relation between aut- 
ism and allied clinical syndromes, the nature of 
the psychological dysfunctions of autistic peo- 
ple, and the effects of specific treatment inter- 
ventions. There have also been changes in how 
the condition is perceived and classified in the 
newer systems of diagnostic classification. 
Before reviewing recent progress, some basic 
facts must be recalled. 


Age of onset, sex, social class incidence, 
prevalence, and prognosis 

Though most cases, as Kanner himself noted, 
develop the disorder insidiously from birth, in 
some there is an early period of apparently nor- 
mal social and language development followed 
by a set back. Autism is distinguished from 
other pervasive developmental disorders, as we 
shall see, by its onset before 30 to 36 months of 
age. More boys than girls are affected (a ratio of 
about 2°5-3:1). The sex ratio is more equal 
when autism is associated with organic brain 
disease or severe mental retardation. The social 
class distribution of families with autistic chil- 
dren has been found upwardly skewed in some 
studies, especially in well functioning autistic 
children,” but not in others.* A number of 


epidemiological prevalence studies have found 
two to four autistic children in every 10 000, 
more if severely retarded children with autistic 
features are included.’ 

There have been several long term follow up 
studies of autistic clinic attenders but only two 
of total population samples.” ê Gillberg and 
Steffenburg followed up 23 autistic children and 
23 with ‘other psychoses’, often associated with 
organic handicapping conditions, to the age of 
16-23 years.° In 17% of both groups outcome 
was ‘good’ or ‘fair’, and in 44% of autistic and 
70% of other psychotic children it was ‘poor’ or 
“very poor’. Among this still quite young group 
of subjects only one was self supporting, 23 
lived with parents, 20 in institutions for the 
handicapped, and one in a psychiatric clinic. 
Altogether 35% of the total group (29% of autis- 
tics) had developed epilepsy, 50% between 13 
and 14 years. One half had deteriorated symto- 
matically in early adolescence with no difference 
between the two groups. A perceptive observa- 
tion was that, while as children the autistics 


. were often particularly attractive to look at, 


after puberty their appearance tended to 
coarsen, often becoming clearly deviant. As in 
previous studies, the best predictors of outcome 
were a preschool measured intelligence quotient 
(IQ) of 50 or more and the presence of com- 
municative speech before the age of 6. Epilepsy 
and fragile X chromosome abnormality were 
associated with a worse outcome. 

Although many early symptoms—echolalia, 
social withdrawal, and stereotypies—tend to 
disappear with age, severe social impairments 
and abnormalities of language use remain, and- 
the overall outlook for autistic children is poor. 
Nevertheless, that minority whose intelligence 
is within the normal range can do surprisingly 
well despite serious childhood abnormalities. 
Szatmari et al found that among 16 autistic chil- 
dren with mean IQ of 92, four had ‘recovered’ 
at a mean age of 26 years, living independent 
lives and with long term relationships.” One had 
married. Eight in all were totally independent, 
six needed only minimal supervision, and seven 
had obtained university degrees. On the other 
hand, even among these rare well functioning 
autistics, one was profoundly retarded at follow 
up, one had chronic schizophrenia, three had 
hallucinations, and two paranoid thinking. Two 
were unemployed, three in sheltered work- 
shops, and nine had never dated. 
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Diagnostic classification, diagnostic 
instruments, diagnostic criteria 

The diagnostic criteria for autism have changed 
in emphasis over time® as the condition has 
come to be viewed not so much as a psychosis 
specific to childhood, as in the International 
Classification of Diseases, 9th revision (ICD-9),? 
but rather as a deviation of multiple develop- 
mental processes. This gave rise to the DSM-III 
(Diagnostic and Statistical Manual of Mental Dis- 
orders, 3rd edition) and DSM-III-R (revised 
edition) concept of ‘pervasive developmental 
disorder’? !! and contributed to the envisaged 
changes for ICD-10.'? Here too autism is classi- 
fied as a pervasive developmental disorder. This 
concept, like that of the specific developmental 
disorders,!? involves an onset very early in life, 
impairment of functions related to biological 
maturation, a steady course without appreciable 
remissions and relapses, improvement with age, 
an increased incidence in males, and an often 
familial association with similar or related dis- 
orders. This concept has justly been criticised as 
not in itself logical nor fully applicable to child- 
hood autism)? (autism does not affect all 
developmental areas, its course is not always 
steady from birth and, while symptoms 
change over time, only a few cases improve with 
maturation). The diagnostic criteria for autism 
itself, however, are clear and there is good evi- 
dence for their validity.2 A detailed autism 
diagnostic observation schedule and an autism 
diagnostic interview of excellent reliability and 
validity, have recently been developed for 
research purposes by an international research 
group.'4 15 

The diagnosis of autistic disorders, as they 
are now called, rests on three main groups of 
symptoms: 

(1) Qualitative impairment and deviance of 
reciprocal social relationships with abnormali- 
ties of gaze and social responsiveness to other 
people, especially other children. 

(2) Deviant development of language and 
other communication skills, with either no lan- 
guage at all, early onset followed by loss of 
speech,.or delayed onset and characteristic lan- 
guage features such as immediate and delayed 


echolalia, pronomial reversal, metaphorical | 


expressions and, especially, a failure in language 
use (in the ‘pragmatics’ of language), relative to 
available comprehension and language skills. 

(3) Repetitive, stereotyped patterns of 
behaviour, which include Kanner’s ‘obsessive 
desire for the maintenance of sameness’, but 
also prolonged attachments to particular 
objects, the formation of rows of toys irrespec- 
tive of the needs of the rest of the household, 
extreme food fads, repetitive questioning often 
with insistence on ritualistic ‘to and fros’ with 
others, and motor stereotypies. 

While age of onset distinguishes well between 
autistic disorders and early onset schizophrenia, 
which rarely begins before puberty, childhood 
disintegrative disorders as they are to be called 
in ICD-10 (the former disintegrative psychoses) 
tend to manifest only after the age of 3 and aut- 
ism usually before 30 months. In this classifica- 
tion age of onset, the fourth criterion, has been 
set to under 3 years to improve differentiation 
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from disintegrative disorders with their much 
poorer prognosis (DSM-III-R, still uses the 30 
months cut off between early and ‘late onset’ 
autism). 


Differential diagnosis: the borderlands of 
autism 

Half of severely retarded children (IQ less than 
50) have symptoms of autism.!* Although their 
educational and treatment needs resemble those 
of autistic children and they need much one to 
one teaching to compensate for their social 
unresponsiveness, for research purposes a clear 
distinction must be made. For research and 
practice it is also important to differentiate 
autistic children from those rare cases of disin- 
tegrative disorder after a period of at least three 
years of apparently normal development. While 
the aetiology of this condition generally remains 
unknown, it may be caused by progressive, 
degenerative brain disease such as cerebral 
lipoidosis or leucodystrophy. The end state is 
usually one of severe mental handicap with no 
available language. Rett’s syndrome may be 
symptomatically indistinguishable from autism 
because of its early onset, but occurs predomi- 
nantly in girls and is associated with normal pre- 
natal and perinatal development. Rett’s syn- 
drome is also distinguishable by a decrease in 
head growth after 5 months of age, loss of hand 
skills between 6 and 30 months, and increasing 
gait and trunk apraxia and ataxia.!” Doubt has 
recently been cast on the assumption that the 
fragile X chromosome abnormality, perhaps the 
second most common cause of mental retarda- 
tion, is also specifically linked to autism. Payton 
et al found a 2°4% incidence of this abnormality 
in 85 autistic males, similar to that in a mentally 
retarded male population. 

The differential diagnosis of autism from 
schizophrenia, specific developmental language 
disorders, and Asperger’s syndrome (also refer- 
red to as schizoid or schizotypal personality dis- 
order) is less problematical in clinical practice, 
but raises many aetiological issues to be discus- 
sed next. 


Aetiology 

Goodman has clearly summarised the argu- 
ments in favour of multiple coexisting factors in 
the causation of autism, although he does not 
make the point that the condition may be so rare 
because it requires the coincidence of more than 
one, perhaps quite common, causal agents.’ 
Goodman focuses especially on the coexistence 
of distinct constellations of functional impair- 
ments necessary for autism: impairments of 
general intelligence, deficits in mechanical lan- 
guage skills, as in the developmental dyspha- 
sias, and deficits in social relatedness, play and 
non-verbal communication as in Asperger’s syn- 
drome. A difficulty here is that a number of 
children with specific developmental language 
disorders also have social deficits resembling 
those of Asperger/schizoid/schizotypal dis- 
orders, and almost half the boys with these 
disorders had serious or multiple specific 
developmental delays of language related skills 
(S Wolff, unpublished observations). 
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Two types of causal agents have been identi- 
fied: those associated with brain damage and 
genetic factors. It is known that autistic chil- 
dren have somewhat higher rates of paranatal 
abnormalities and that they are prone to develop 
epilepsy, not so much in infancy and early 
childhood as are mentally retarded and severely 
birth injured children, but in early adolescence. 
In a minority of cases there is a specific associa- 
tion with some types of cerebral disorder and 
not with others (with congenital rubella and 
tuberous sclerosis for example, but not with 
Down’s syndrome or cerebral palsy).” More- 
over, when monozygotic twins are discordant 
for autism, it is the autistic twin who more often 
had evidence of paranatal injury. l 

There have been three population based twin 
studies of autism: two in the UK, including a 
follow up of one set of twins into adult life, and 
one in Scandinavia (A LeCouteur, et al; paper 
presented at First World Congress on Psychiat- 
ric Genetics, Cambridge, 1989).?! 7? The con- 
cordance rate for autism itself in monozygotic 


pairs ranged from 36 to 91% and in dizygotic. 


pairs from 0 to 10%. The concordance rates for 
other cognitive and social impairments, includ- 
ing global and specific developmental delays 
and deficient or unusual social responsiveness 
(which tended to get worse with age), ranged 
from 82 to 91% in monozygotic pairs and from 0 
to 30% in dizygotic pairs. Clearly, what is inher- 
ited is either the full syndrome or a lesser 
variant consisting of both cognitive and social 
impairments. 

Further evidence for this comes from the stu- 
dies of siblings and other biological relatives of 
autistic children. The evidence, still requiring 
confirmation, is of an excess of cognitive delays 
among the siblings of severely retarded autistic 
children, and an excess of minor social impair- 


ments of the Asperger/schizoid/schizotypal kind 


in the parents and other biological relatives of 
high functioning autistics.”° 74 Piven et al found 
an excess of autism (3%), of ‘severe social dys- 


function and isolation’ (4°4%), and of cognitive - 


disorders (15%) in adult siblings of autistic chil- 
dren, especially in those who had been diagno- 
sed by Kanner himself.” 

There is no excess of schizophrenia in the 
biological relatives of autistics and no excess of 
the much rarer condition of autism in the rela- 
tives of schizophrenics. The two conditions are 
clinically distinct in their symptomatology, age 
of onset, sex, and social class distributions and 
associations with mental retardation and 
epilepsy.*° They may nevertheless share a gene- 
tic predisposition to the schizophrenia spectrum 
disorders of the Asperger/schizoid/schizotypal 
kind. Altogether 75% of children diagnosed 
‘schizoid’ have the features of schizotypal perso- 
nality disorder in adult life and this is firmly 
part of the schizophrenia spectrum (S Wolff et 
al, unpublished observations). The symptoms 
of such children: solitariness, lack of empathy, 
the single minded pursuit of special interest pat- 


terns, unusual modes of communication, and - 


oversensitivity, although different, resemble 
those of autism in that they are all features of 
deficits in social and emotional relationships 
with other people and in communication skills, 
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together with single minded pursuits of particu- 
lar interests or behaviours. There have also been 
a few case reports of families with both an autis- 
tic child and a child with Asperger’s syndrome, 
and series of cases have been reported in which 
a very early onset of schizophrenia was preceded 
by a clear cut autistic syndrome.?” 

Autism is likely to be a heterogeneous condi- 
tion, with different causal factors operating in 
different groups of cases.?! In a very few the cli- 


‘ nical syndrome is associated with chromosomal 


or single gene abnormalities: fragile X chromo- 
some, phenylketonuria, tuberous sclerosis, or 
neurofibromatosis; in others with infections: 
congenital rubella; and in yet others with evi- 
dence of diffuse brain dysfunction. Although 
symptomatically similar, severely mentally 
handicapped and well functioning autistic peo- 
ple may differ in the causal agents and patho- 
logies involved. The genetic basis too may differ 
in different groups of cases and may involve 
single or multiple genes. 

So far, while brain lesions have increas- 
ingiy been found with the newer technologies in 
autistic children, no consistent pattern has 
emerged and children with and without such 
lesions do not differ symptomatically.?? No spe- 
cific metabolic abnormalities have been identi- 
fied. High serotonin concentrations have been 
found in one third of autistic children, but also 
in severely retarded non-autistic children,” and 
the results of treatment with fenfluramine to 
counteract such high concentrations have been 
equivocal. 


The nature of the deficits 

The early work of Hermelin and O’Connor, in 
which psychological functioning of autistics was 
compared with that of IQ matched retarded and 
normal children, showed impaired encoding 
and restructuring of information.” Although 
short term memory, for example for random 
words, was normal, the memory of autistics 
unlike that of controls did not improve for word 
sequences with meaning. Autistic children 
could not use redundancy to improve their 
memory span. Moreover, their language deficit 
was but one aspect of a more general inability to 
use signs and symbols, and they were better at 
processing spatial than temporal sequences; this 
is in line with their often remarkable jigsaw 
solving skills. 

Since then there have been a number of 
imaginative explorations of the autistic child’s 
specific functional disabilities. Peter Hobson, 
again comparing autistic with normal and men- 
tally retarded subjects, examined their capacity 
to match videos of people’s vocalisation, facial 
expression, and activities associated with those 
emotions that have clear cut facial expressions 
(anger, fear, happiness, and sadness) against 
photographs and line drawings of faces or activi- 
ties expressing these same emotions.”! He found 
autistics specifically impaired in the recognition 
of vocalisations and facial expressions of emo- 
tions. Even as adults autistic people are defi- 
cient both in the recognition and expression of 
emotions verbally (that is, in their tone of voice) 
and facially.” Hobson believes that the basic 
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flaw in autism is in the biologically based capac- 
ity, normally present in everyone, for attention 
and empathic responsiveness to the emotional 
expression and emotional behaviour of others. 

Simon Baron-Cohen** and Uta Fiith** see 
these difficulties as part of a more general cogni- 
tive deficit: an impairment in the capacity to 
infer what is in the minds of others—that is, a 
lack of a ‘theory of mind’. In one of a series of 
Imaginative experiments autistic, Down’s syn- 
drome, and normal children were shown two 
dolls, one with a basket and one with a box. The 
first doll puts some marbles in her basket and 
goes out. The second then takes the marbles 
from the basket and puts them in her box. The 
first doll returns, and the question to the experi- 
mental child is: where does the first doll look for 
the marbles? The autistic children tend to 
answer: in the box, because that is where they 
known the marbles to be. Other children of 
similar IQ can put themselves into the ‘mind’ of 
doll number one, know that this doll is unaware 
of the transfer of marbles, and correctly point to 
the basket as the container first to be explored. 
Frith sees autistic individuals as ‘natural 
behaviourists’, who do not feel the normal com- 
pulsion to weave together mind and behaviour 
for the sake of coherence. 

Baron-Cohen believes the primary defect in 
autism to be cognitive; Hobson sees it as pri- 
marily emotional. Yet both sociability and pre- 
linguistic behaviour develop together towards 
the end of the first year of life and, though 
linguistic-cognitive and emotional abilities are 
often selectively impaired (for example, in the 
retarded or in children with specific develop- 
mental delays), there is no reason why these two 
types of functions, so intimately connected in 
the development of the baby, should not be 
impaired together. Frith makes clear that the 
specific autistic impairments, which include 
also the absence of make believe play, of role 
modelling, and an inability to distinguish pre- 
tence play from reality, all involve competencies 
which normally begin to develop in the second 
year of life. This is also the time at which cor- 
rect empathic responses to distress in others are 
first seen and is precisely the time at which the 
symptoms of autism first become apparent. 
Although the basic defect is likely to be inborn, 
it does not manifest until the time at which the 
impaired functions normally appear. 


Treatment approaches 

There have been two excellent controlled stu- 
dies of treatment interventions for autistic 
children, one now a classic,” *© the other more 
recent.” The first demonstrated clearly the 
superiority of a structured, behaviourally 
oriented teaching approach geared to the child’s 
particular developmental level, and with much 
one to one teaching and contingent reinforce- 
ments. The children progressed more both edu- 
cationally and socially, with less repetitive ster- 
eotyped behaviour in free play settings, than 
children at schools where a permissive approach 
was emphasised and the focus was on respond- 
ing to possible underlying emotional problems. 
Even with the most effective methods, however, 
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no child with an IQ below 50 gained useful 
skills in literacy or numeracy. 

The more recent study by Howlin and Rutter 
of the efficacy of an intensive, home based, 
behaviourally oriented intervention has been 
reported in a book that has much to teach all cli- 
nicians who look after autistic children, because 
it focuses also on the problems of parents and 
the other children in affected families.?” It 
makes clear that, whatever the specific technical 
interventions, families with an autistic child are 
coping with particularly stressful circumstances 
and require skilled counselling in their own 
right. Such families need informed recommen- 
dations for special schooling for the child, and 
social work services providing access to facilities 
for respite care, holidays, financial entitle- 
ments, and special, often residential, settings 
for the autistic person at and after adolescence. 
Due emphasis is given to the practical help and 
emotional support that can come from joining 
the National Autistic Society or one of its local 
equivalent organisations. 

As for the specific treatment interventions, 
they were individually tailored to the needs of 
each autistic child and family, with highly speci- 
fic treatment goals. The focus was on fostering 
the development of language, play, and social 
interactions. Treatment also aimed to decrease 
the specific obsessional, ritualistic behaviour of 
the autistic children, and to help parents reduce 
their children’s often so distressing general 
behavioural difficulties such as sleep and elimi- 
nation disorders, food fads, temper tantrums, 
and screaming attacks. Parents were the thera- 
pists, but care was taken not to impose too time 
consuming a programme on them. While 
behavioural techniques of operant learning with 
prompting, fading, reinforcement procedures 
and ‘time out’, if necessary, were taught to the 
mothers by demonstration in their homes after a 
full functional analysis of the child’s behaviour, 
the approach to the families as a whole used 
psychotherapeutic methods also. 

In this study treated children (all with an IQ 
of 60 or more and without associated medical 
conditions) were compared with matched con- 
trol groups both for short term gains (at six 
months) and for long term outcome (at 18 
months). In the short term, the greatest 
improvement was in reducing the children’s 
general disruptive behaviour and their ritualis- 
tic and other solitary activities. The overall level 
of language usage also improved significantly, 
with reduction of echolalia and stereotyped 
utterances, but there was little difference in the 
level of language complexity between treated 
and control groups, both of which improved 
over time. Mothers of children just on the 
threshold of speech were best able to put what 
they were taught into practice, presumably 
because their children were the most rewarding 
to teach. In the long term, treatment worked 
best for general disorders such as temper tan- 
trums, aggression, sleep and toiletting difficul- 
ties; it also reduced but never totally removed 
specific autistic rituals and routines. Play and 
social behaviour was also improved relative to 
the controls but always remained severely res- 
tricted. The communicative use of language, 
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but not language competence, improved also, 
but there was no difference at all in the overall 
level of cognitive capacity. The authors caution 
that all treatment approaches need to be so 
structured that the demands on the parents are 
reduced rather than increased, but also that, to 
avoid disppointment and frustration, treatment 
goals must be realistic. The results of this well 
controlled study will certainly contribute to 
this. The study also demonstrates that without 
adequate controls new treatments can all too 
easily engender false hopes. 

There has recently been much publicity for 
‘holding therapy’. While this emotionally 
exhausting method may well lead to some 
increase in emotional contact between the autis- 
tic child and the ‘holding’ parents immediately 
after the session, there have been no properly 
controlled outcome studies to back up the often 
extravagant claims for the efficacy of this 
method. p 

What is clear, in the management of autistic 
children and their families, is first the need for 
all affected children to be diagnosed and for 
possible associated neurological or genetic 
abnormalities to be identified. Whether or not 
such pathologies exist, all autistic children 
should be notified to the educational services so 
that they can benefit from the specia] educatio- 
nal arrangements they need and which are 
increasingly available in the UK as a result of 
local authority endeavours and the resources 
established by the parent societies for autistic 
children. Second, all families with autistic chil- 
dren need long term care and support to ensure 
their access to all the treatment and back up ser- 
vices they may need as the child grows up. 
These include intensive, home based specific 
behavioural treatment approaches as outlined 
by Howlin and Rutter for those children likely 
to respond?” ; short term medication with major 
tranquillisers to cope with particularly distres- 
sing episodes of behaviour problems; and an 
understanding of the possible personality and 
marital difficulties of the parents and of the 
stresses on the siblings of the autistic child with 
appropriate support and counselling. It is also 


` important to have social work help to ensure the 


families have access to their financial entitle- 
ments and to holiday and other respite services 
and more intensive back up at adolescence when 
many autistic children will require day or 
residential units designed for their particular 
needs. Autistic children cannot generally 
benefit from work training centres set up for 
non-autistic handicapped young people. The 
National Autistic Society and other locally 
based parent societies for autistic people have 
contributed much in the setting up of special 
schools and adult units and in offering mutual 
support services for parents. 


1 Kanner L. Autistic disturbances of affective contact. The 
Nervous Child 1943;2:217-50. 

2 Rutter M. Infantile autism and other pervasive develop- 
mental disorders. In: Rutter M, Hersov L, eds. Child and 
YET au modern approaches. Oxford: Blackwell 

3 Lotter V. Epidemiology of autistic conditions in young 


741 


children II: some characteristics of the parents and 
children. Soc Psychiatry 1967;1:163-73. 

4 Gillberg C, Schauman H. Social class and autism: total 
population aspects. 7 Autism Dev Disord 19823;12:223-8. 

5 Lotter V. Social adjustment and placement of autistic 
children in Middlesex: a follow-up study. Journal of Autism 

` and Childhood Schizophrenia 1974;4:11-32. 

6 Gillberg C, Steffenburg S. Outcome and prognostic factors in 
infantile autism and similar conditions: a population-based 
study of 46 cases followed through puberty. 7 Autism Dev 
Disord 1987;17:273-87. 

7 Szatmari P, Bartolucci G, Bremner R, Bond S, Rich S. 
A follow-up study of high-functioning autistic children. 
J Autism Dev Disord 1989;19:213-25. 

8 Rutter M, Schopler E. Autism and pervasive developmental 

disorders: concepts and diagnostic issues. 7 Autism Dev 
Disord 1987;17:159-86. 

9 World Health Organisation. J en N cation of 
diseases. 9th Revision. Geneva: WHO, 

10 American Psychiatric Association. ee and statistical 
manual of mental disorders (DSM-II). 3rd Ed. Washington, 
DC: American Psychiatric Association. 1980. 

ll American Psychiatric Association. Diagnostic and statistical 
manual of mental disorders (DSM-III-R). 3rd Ed revised. 
Washington, DC: American Psychiatric Association, 1987. 

12 Rutter M. Child psychiatric disorders in ICD-10. 7 Child 
Psychol Psychiatry 1989;30:499-513. 

13 Gillberg C. Autism and pervasive developmental disorders. 
Annual Research Review. 7 Child Psychol Psychiatry 1990; 
31:99--120. 

14 LeCouteur A, Rutter M, Lord C, et al. Autism diagnostic 


interview; a standardized investigator-based instrument. 
J Autism Dev Disord 1989;19:363-87. 

{5 Lord C, Rutter M, Goode S, et al. Autism diagnostic observa- 
tion schedule: a standardized observation of communicative 
and social behavior. 7 Autism Dev Disord 1989; 19:185-212. 

16 Wing L. Language, social and cognitive impairments in 
autism and severe mental retardation. 7 Autism Dev Disord 
1981;11:31-44. 

17 Gillberg C. The borderland of autism and Rett syndrome: 5 
case histories to highlight diagnostic difficulties. F Autism 
Dev Disord 1989;19:545—59 

18 Payton JB, Steele "MW, Wenger SL, Minshaw NJ. The 
fragile X male and autism in perspective. J Am Acad Child 
Adolesc Psychiatry 1989;28:417-21 

19 Goodman R. Infantile autism: a syndrome of multiple 
primary deficits. J Autism Dev Disord 1989;19:409-24. 

20 Cantwell DP, Baker L, Rutter M, Mahood L. Infantile 
autism and developmental receptive dysphasia: a compara- 
tive follow-up into middle childhood. 7 Autism Dev Disord 
1989;19:19-31. 

21 Folstein S, Rutter M. Autism: familial aggregation and gen- 
etic implications. 7 Autism Dev Disord 1988;18:3-30. 

22 Steffenburg S, Gillberg C, Hellgren L, et al. A twin study of 
autism in "Denmark, Finland, Iceland, Norway and 
Sweden. 7 Child Psychol Psychiatry 1989; 30:405-16. 

23 Wolff S, Narayan $, Moyes B. Personality characteristics of 
parents of autistic children: a controlled study. 7 Child 
Psychol Psychiatry 1988;29:143-53. 

24 Narayan S$, Moyes B, Wolff S. Family characteristics of autis- 
= Children: a further report. J Autism Dev Disord 1990;20: 

25 Piven J, Gayle J, Chase GA, et al. A family history study of 
neuropsychiatric disorders in the adult siblings of autistic 
oi ani F Am Acad Child Adolesc Psychiatry 1989;29: 

26 Kolvin I. Psychoses in childhood—a comparative study. In: 
Rutter M, ed. Infantile autism: concepts, characteristics and 
treatment, London: Churchill Livingstone, 1971:7-26. 

27 Watkins JM, Asarnow RF, Tanguay PE. Symptom develop- 
ment in childhood onset schizophrenia. ¥ Child Psychol 
Psychiatry 19883;29:865-78. - 

28 DeLong.GR, Bauman ML. Brain lesions in autism. In: 
Schopler E, Mesibov GB, eds. Neurobiological issues in 
autism. New York: Plenum, 1987:229-42. 

29 LeCouteur A, Trygstad O, Evered C, Gillberg C, Rutter M. 
Infantile autism and urinary excretion of peptides and 
protein-associated peptide complexes. 7 Autism Dev Disord 
1988;18:181--90 

30 Hermelin B, O’Connor N. Psychological experiments with 
autistic children. London: Pergamon, 1970 

31 Hobson RP. Beyond cognition: a theory of autism. In: 
Dawson G, ed. Autism: nature, diagnosis, and treatment. 
New York: Guilford, 1989:22-48. 

32 Macdonald H, Rutter M, Howlin P, et al. Recognition and 

` expression of emotional cues by autistic and normal adults. 
J Child Psychol Psychiatry 1989;30:865-77. 

33 Baron-Cohen S. Social and pragmatic deficits in autism: 

a or affective? 7 Autism Dev Disord 1988;18: 


34 Frith U. Autism: explaining the enigma. Oxford: Blackwell, 


1989. 

35 Bartak L, Rutter M. Special educational treatment of autistic 
children: a controlled study. I: Design of study and charac- 
err of units. 7 Child Psychol Poschliuy 1973314: 

36 Rutter M, Bartak L. Special educational treatment of autistic 
children: a controlled study. H: Follow-up findings and 
implications for services. 7 Child Psychol Packat 1973; 
14:241--70. 

37 Howlin P, Rutter M. Treatment of autistic children. London: 
Wiley, 1987 


742 


Archives of Disease in Childhood 1991; 66: 742~744 





REGULAR REVIEW 





University of 
Birmingham, 

Institute of Child Health, 
Francis Road, 
Birmingham B16 8ET 


Correspondence to: 
Dr Booth. 


Chronic inflammatory bowel disease 


I W Booth 


To be consigned to a life spent searching for 
the aetiology of inflammatory bowel disease 
remains as much a cause for supplication to St 
Jude as it ever did. Over the last decade 
new forms of inflammatory bowel disease have 
been described, the surgical management of 
ulcerative colitis has seen the impact of restora- 
tive proctocolectomy, and major changes have 
taken place in the medical management of 
Crohn’s disease in childhood and adolescence. 
It is therefore appropriate to review some of 


‘these developments. 


Epidemiology 
The rapid increase in the incidence of Crohn’s 
disease that took place in all age groups from the 
mid-1950s (0-2, increasing to 5-6 per 100 000 
per year) may now have levelled off, although 
results in this respect are conflicting.’ In con- 
trast, the incidence of ulcerative colitis has 
remained virtually unchanged and still varies 
between five and 10 per 100 000 per year. 
No single dietary factor has been unequivo- 
cally implicated in the pathogenesis of the clas- 
sical forms of inflammatory bowel disease, but 
it is of interest that further evidence has 
appeared which suggests that lack of breast 
feeding, and episodes of diarrhoeal disease dur- 
ing infancy, predispose to the development of 
childhood Crohn’s disease.? 


Crohn’s disease 

PRESENTATION AND DIAGNOSIS 

Anorexia nervosa 

The need to consider carefully the diagnosis of 
Crohn’s disease in adolescents with apparent 
anorexia nervosa is well recognised, but mis- 
taken diagnoses continue.” There are almost 
always sufficient symptoms, signs, or abnormal 
laboratory results to suggest underlying organic 
disease and the abnormal ideation relating to 
body image is absent. 


Panenteric disease 

Crohn’s disease has long been recognised as 
affecting potentially the entire gut, but the fre- 
quency of proximal gastrointestinal involve- 
ment in childhood has been recognised only 
recently. Thirty per cent of affected children 
and adolescents in a large Canadian series,” and 
42% in a French series, had evidence of 


Crohn’s disease on upper gastrointestinal endos- 
copy. 

Multiple aphthous ulcers in the oesophagus, 
gastric antral rigidity, granularity, linear ulcera- 
tion and irregular thickening of the folds or 
cobblestoning in the duodenum were the com- 
monest lesions. Upper gastrointestinal endos- 
copy may therefore be helpful in evaluating 
patients with suspected Crohn’s disease in 
whom. histological evidence is lacking and in 
patients with so called indeterminate colitis. 


Growth failure and sexual immaturity 
Up to a third of patients experience growth fai- 
lure, usually with associated delayed skeletal 
maturation and sexual immaturity. The corres- 
ponding figure for ulcerative colitis is probably 
between 5 and 10%. The definition of growth 
fatlure varies, but must be a dynamic one, and a 
reduction in height centile of more than 0°3 SDs 
per year, a growth velocity of less than 5 cm per 
year, or a decrease in height velocity of at least 2 
cm from the previous year during early to mid- 
puberty are all reasonable.° Bone age is usually 
at least two years behind chronological age. 
A recent study from Scotland, where three 
quarters of children with inflammatory bowel 
disease were in the hands of physicians or 
surgeons, provides a strong argument for such 
patients being cared for by paediatric 
gastroenterologists.’ In contrast to paediatri- 
cians, who invariably recorded height, physi- 
cians and surgeons rarely did so. Growth failure 
often went unrecognised and therefore un- 
treated. 


Atypical Crohn’s disease 
In addition to panenteric involvement, Crohn’s 
disease may also involve structures remote from 
the gut. Recent reports of pulmonary and cuta- 
neous granulomatous reactions in children with 
Crohn’s disease emphasise the potentially mul- 
tisystem nature of the disorder.® 

Orofaciai granulomatosis is a term used to 
describe the characteristic constellation of 
enlargement of the lips, diffuse facial swelling, 
gingival hyperplasia, oral ulceration, and buccal 
mucosal tags, which on biopsy are shown to 
contain non-caseating granulomata. It is becom- 
ing clear that up to a one third of such patients 
have evidence of more widespread involvement 
of the gastrointestinal tract,’ and the term oral 
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Crohn’s disease is therefore probably pre- 
ferable. 1° 


NUTRITIONAL TREATMENT 
Induction of remission 
An elemental, chemically defined diet, with 


exclusion of all other foods for six weeks is now 
recognised to be at least as effective as steroids 


in inducing remission of active disease.!! Diet 
induced remission occurred in over 80% of a 
recent retrospective series, irrespective of the 
site of the disease, and remission was at least as 
long as when steroids were used (22% relapsed 
within six months, and 8-10% each subsequent 
year.'? There is an additional benefit for chil- 
dren and adolescents in that linear growth six 
months after treatment with an elemental diet is 
substantially better than in those patients given 
steroids.!? 

The precise mechanism of the beneficial 
effect of elemental diets is uncertain, but the 
observation that successful induction occurs 
twice as commonly with an elemental, amino 
acid based feed (75%), as with a polymeric feed 
(36%), suggests that exclusion of intact protein 
from the gut is an important factor.'* 


Reversal of growth failure 

Growth failure in Crohn’s disease is sensitive to 
both enteral or parenteral nutrition, an outcome 
which is consistent with the notion that long 
standing undernutrition is important in the 
pathogenesis.!?” Overall, studies of nutritional 
repletion have shown that it is possible to con- 
vert a low initial height velocity of between 0°5- 
0-9 cm per six months to between 3:0-4°5 cm 
per six months after intervention. 

Two recent publications are of interest, each 
of which has used nutritional supplementation 
to address the problem of growth failure in pre- 
pubertal patients. One used an intermittently 
administered elemental diet given by overnight 
nasogastric feeding for one month in four. This 
resulted in significant increases in growth 
velocities and reductions in both prednisolone 
intake and disease activity scores.!° The second 
study used an overnight nasogastric supplement 
to increase energy intake in growth retarded 
adolescents by between 4°18 and 6:27 MJ (1000 
and 1500 kcal) per day. The formula was non- 
elemental and, in contrast to the previous study, 
patients were encouraged to eat normally. In 
non-treated controls, height velocity remained 
unchanged, whereas in supplemented patients 
substantial improvements occurred in both 
height and weight during the year (6-98 cm and 
11-75 kg respectively).!? 

Although there is convincing evidence to sup- 
port energetic nutritional treatment in the man- 
agement of growth failure, it is also important 
not to overlook the role of surgery. Two recent 
publications support early surgical intervention 
in adolescents with growth failure due to resect- 
able disease. In addition to relieving symptoms, 
each study demonstrated an improvement in 
growth after surgery.!® '? In one study nearly 
three quarters of operated patients had at least a 
doubling of preoperative growth velocity.!? 
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Ulcerative colitis 

EXTENSION OF PROCTOSIGMOIDITIS 
Proctosigmoiditis is fairly common in children 
and adolescents, and data on the likelihood of 
progression to more extensive disease, with a 
poorer prognosis and a higher cancer risk, have 
recently been published.”® In contrast to adults, 
in whom extension occurs in only 10%, procto- 
sigmoiditis remained stable in only 42% of chil- 
dren. Extension into the descending colon 
occurred in 20%, into the transverse colon in 
12%, and more proximally in the remaining 
26%. Extension was unpredictable, but usually 
occurred within five years of onset. 


COLONOSCOPY 

Since early descriptions of colonoscopy in 
infancy and childhood it has become increas- 
ingly clear that this investigation is invaluable in 
the diagnosis and management of inflammatory 
disease of the colon.?! The barium enema in this 
context is now virtually redundant. The proce- 
dure is safe and well tolerated, allows multiple 
mucosal biopsies to be taken, and often adds 
important information to the diagnosis. For 
example, over half the patients in a recent study 
who had endoscopically confirmed colitis had 
no radiological evidence of inflammatory dis- 
ease, although only a single contrast barium 
examination had been used.” 


DRUG TREATMENT 

Sulphasalazine is valuable in the management of 
ulcerative colitis, particularly as a prophylactic. 
Side effects, which include reversible male 
infertility, are common, although probably less 
troublesome in children. Alternatives to sulpha- 
salazine now exist, and most patients will 
tolerate mesalazine (delayed release 5-amino- 
salicylic acid) or olsalazine (altered carrier mole- 
cule of salicylate), both of which appear to be as 
effective as sulphasalazine.”* 

A number of case reports, including two 
children,” and the results of an uncontrolled 
trial,” have recently appeared which suggest 
that cyclosporin may be useful in patients with 
severe refractory ulcerative colitis. A controlled 
trial also suggests a beneficial effect in adults 
with active Crohn’s disease.” At present, it is 
too early to define the precise role of cyclosporin 
in the management of inflammatory bowel dis- 
ease, and the results of further trials are 
awaited, but preliminary results are certainly 
hopeful. 


SURGERY 

Although restorative proctocolectomy with an 
ileal reservoir has offered a highly attractive 
alternative to an ileostomy, the result is unsatis- 
factory in 5-10% of children and young adults 
because of excessive stool frequency and/or fae- 
cal incontinence.?” Moreover, pouchitis, a chro- 
nic inflammatory disorder of the ileal reservior 
producing painful diarrhoea, urgency, and sys- 
temic upset, occurs as a long term complication 
in up to 20% of patients. The long term risks of 
mucosal dysplasia and neoplasia are uncertain.?® 
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Newer forms of inflammatory bowel disease 
ALLERGIC COLITIS 
Food allergy is an important cause of colitis in 
the first few months of life.” It usually follows a 
benign course, and most foods are tolerated by 5 
years of age.*° It has been reported in preterm 
infants, in whom toxic dilatation of the colon 
can occur.”' Interestingly, abnormalities after 
cows’ milk challenge may be found in both the 
jejunum and the rectum of infants with ‘cows’ 
milk sensitive enteropathies.” In some infants 
the abnormality may be expressed only in the 
colon and not in the proximal small intestine. 
Allergic colitis should be suspected in any 
infant, including a neonate in whom necrotising 
enterocolitis is an important differential 
diagnosis,** who presents with blood in the 
stool with or without diarrhoea. A family 
history of atopy, an eosinophilia, raised serum 
IgE concentration and positive radioallergosor- 
bent tests are common, but the diagnosis rests 
upon prompt resolution of symptoms after anti- 
gen withdrawal. It is worth noting that the dis- 
order has been described in exclusively breast 
fed infants.** Endoscopy is useful and permits 
mucosal biopsy. The specimen usually shows an 
acute and chronic inflammatory cell infiltrate of 
mainly plasma cells and eosinophils in the 
lamina propria. Cows’ milk is nearly always the 
offending antigen, but intolerance to soya and 
beef have been described. 


COLLAGENOUS AND MICROSCOPIC COLITIS 
Patients have recently been described who pre- 
sent with severe diarrhoea, but without blood 
loss or tenesmus. The colon is macroscopically 
normal on endoscopy, but histological examina- 
tion shows appreciable mucosal inflammatory 
change? sometimes with collagenous thicken- 
ing of the basement membrane.” However the 
existence of collagenous colitis as a separate 
pathological entity remains somewhat cotrover- 
sial. Patients seem to respond to conventional 
medical treatment. 


MISCELLANEOUS DISORDERS 

New associations between colitis and systemic 
disorders have recently been reported in 
Behcet’s syndrome” 
syndrome.” Both children reported with 
Behcet’s colitis required subtotal colectomy. 
The colitis in hypereosinophilic syndrome was 
steroid responsive. 
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Outcome measures in child health 


Stuart Logan 


In recent years there has been a welcome change 
in the attitudes of doctors to service evaluation. 
This has resulted from increased awareness that 
financial resources are limited and can no longer 
be allocated on the basis of doctors’ magisterial 
pronouncements. In addition, the radical critics 
of modern medicine have produced powerful 


arguments to support their contention that. 


medicine has had little impact on the health of 
populations.’”” In response to these pressures 
it has becorne fashionable to emphasise the 
importance of measures of health outcome in 
the evaluation of health services. Paediatricians 
have been quick to respond and both the 
Community Paediatric Group and the British 
Paediatric Association (BPA) have produced 
reports recommending the use of outcome mea- 
sures in the routine evaluation of paediatric 
services.* > 

At first glance it seems sensible to assess the 
usefulness of health services by measuring their 
effects on health. In ideal circumstances this is 
true but this approach has problems. Firstly, 
the link between services and health outcomes is 
usually tenuous because, within a given popula- 
tion, both the incidence and outcome of most 
conditions depend on host and environmental 
factors so that services can seldom be expected 
to have more than a small effect. This is true 
even for some of our most effective interven- 
tions. For instance, the major decline in the 
incidence and case fatality rates of most infec- 
tious diseases occurred before the availability of 
either prevention or treatment, and the greatest 
improvements in neonatal mortality preceded 
the introduction of intensive care. Secondly, 
most proposed outcome measures entail count- 
ing adverse outcomes, which in our society are 
fortunately rare in childhood. This means that 
without looking at very large populations it is 
seldom possible to distinguish real changes from 
those that happen by chance. 

The BPA report Outcome Measures for Child 
Health attempted to produced a blueprint for 
use by district health authorities.’ In this paper 
I will discuss some of the outcome measures 


- recommended in this report, as they illustrate 


the problems encountered when health outcome 
measures are used for routine service evalua- 
tion. A list of 14 measures has been drawn up 
‘which health districts or boards (DHAs) can 
use to monitor their own performance from year 
to year and to compare themselves with other 
DHAs’. Eleven of the 14 are health outcome 
measures (six are ‘implied’ outcome measures, 


considered surrogates for actual health out- 
comes) and three are descriptions of patterns of 
service that might have adverse health consequ- 
ences (table 1). Only five of the 11 outcome and 
implied outcome measures might be useful for 
monitoring performance over time or for com- 
paring districts, and of these three must be 
interpreted with caution (table 2). 

Where expected numbers are quoted these 
are figures for England and Wales with 680 000 
births/year and a child population of 10 000 000 
distributed among 200 district health author- 
ities. 


Neonatal and day 1 mortality rates 
These rates should be made available by all dis- 
trict health authorities, but as a measure for 


Table 1 Proposed health outcome measures for DHAS 


Health outcome measures: 
Day 1 and neonatal mortality Gin four birthweight bands) 
Notifications of measles and pertussis 
Asthma admisstons lasting over 72 hours 


‘Implied’ outcome measures: 

Late fitting of hearing aids for congenital deafness 

Late recognition of congenital dislocation of the hip, 
congenital hypothyroidism, and developmental problems 

Immunisation uptake 

The proportion of children with msulin dependent diabetes 
mellitus whose control is poor (as measured by glycated 
haemoglobin concentrations 


Descriptions of patterns of service: 
Proportion of admissions of children <13 who are admitted to 
adults wards 
Proportions of operations for hernia and squint that are done 
as day cases 


Table 2 Problems associated with proposed outcome 
measures for use by DHAs 





Measurement Problem 
Link between Small 
service and numbers 
outcome uncertain 
or likely to 
be limited 
Useful: 
Immunisation coverage No No 
Admissions for asthma No No 
Useful but interpret with caution: 
Notifications of measles 
and pertussis No No 
Late recognition of 
developmental problems No No 
Not useful in this form: , 
Neonatal mortality Yes Yes 
Mortality on day l Yes Yes 
Late fitting of hearing aids No Yes 
Late recognition of congenital 
dislocation of hips No Yes 
Congenital hypothyroidism No Yes 
‘Poor control’ of insulin 
dependent diabetes 


mellitus “Yes Yes 
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monitoring the effects of neonatal care they are 
less useful than might be imagined. Although it 
is generally believed that neonatal intensive care 
improves neonatal mortality rates, this has been 
difficult to show even in quite large studies.‘ 
This is not because neonatal care has no effect 
but probably because the main determinants of 
neonatal mortality have had their effects before 
birth. 

The most powerful risk factor for neonatal 


‘mortality is low birth weight, the prevalence of 


which is known to be closely related to social 
class. In an attempt to overcome the effects of 
differences in social class distribution when 
comparing district health authorities; it was 
suggested that these rates should be banded 
according to birth weight. Even within birth- 
weight bands, however, there are social class 
gradients: the neonatal mortality rate in 1987/ 
1000 livebirths in babies weighing above 3000 g 
ranged from 1-09 in social class I to 2°35 in 
social class V, and in babies born weighing 
<1500 g from 250 to 400, respectively.’ In 
evaluating service effects, residual confounding 
by social class therefore makes comparisons 
between district health authorities difficult to 
interpret. As a measure of the health of the 
population the overall mortality rates may be 
more helpful, although cumulative figures over 
some years may be needed so that the number of 
deaths on which the rates are based is sufficient. 

In 1987 there were 3417 neonatal’ and about 
half that number of day 1 deaths in England and 
Wales—an average of 17 neonatal and 
eight day 1 deaths/district health authority/year. 
Banding by birth weight removes some of the 
confounding effect of social factors, but this 


‚gain is at the expense of reducing the number of 


deaths on which each rate is calculated. Among 
‘infants weighing 2500 g or more there would be 


about five neonatal deaths/average district . 


health authority. Using a three year average 
increases the number of deaths from which the 
rate is calculated, although it may have the 
theoretical effect of delaying the recognition of 
real changes. The expected distribution of the 
number of deaths in three years/average district 
health authority population would therefore 
approximate to a Poisson distribution with a 
mean of 15: the 95% confidence interval (CI) of 
this distribution ranges from 8 to 23. Only a 
figure that fell outside this range could be inter- 
preted as reflecting a real rather than chance dif- 
ference. 


Immunisation coverage and notification rates 
Immunisations against measles, diphtheria, and 
pertussis are extremely effective and coverage 
‘rates are an appropriate implied outcome mea- 
sure of an immunisation programme. 
Notifications of infectious diseases are useful 
for two reasons; they may alert professionals to 
outbreaks of disease and they may identify 
groups of children who have been missed by the 
system. It is important, however, that these 
figures should be interpreted with caution; noti- 
fications are heavily dependent on the interest 
and enthusiasm of local doctors. It has been 
estimated that only 40-60% of cases of measles 
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and 5-25% of cases of pertussis are actually 
notified.® An area with a more enthusiastic child 
health service may paradoxically have a higher 
than average rate of notifications of infectious 
diseases because a higher proportion of cases are 
notified. In addition, the epidemic nature of 
measles and pertussis results in a variation in 
incidence from year to year irrespective of 
immunisation levels, until the coverage is extre- 
mely high. 

A large increase in notifications should trig- 
ger investigation of which children are becom- 
ing ill, and why. It is not a statistic that can 
easily be used to compare the relative efficacy of 
immunisation programmes over time or in diff- 
erent areas. 


Late diagnosis of sensorineural hearing loss, 
congenital dislocation of the hip, and 
congenital hypothyroidism 

Ideally, when monitoring a screening prog- 
ramme both the false negative and false positive 
rates should be measured. In a programme 
designed to detect low prevalence of a condition 
in a district health authority, however, the false 
negative rate is unlikely to be useful. 

The prevalence of bilateral sensorineural 
hearing. loss (>60 dB mean loss in the better 
ear) in infancy is about 1/1000 infants.? The 
average district health authority would there- 
fore expect three and a half affected children 
each year. Using a three year average would 
mean drawing inferences about the proportion 
of the 10 or so children who were diagnosed 
late. When dealing with such small numbers it 
is- intuitively obvious that the proportion 
diagnosed late is likely to vary by chance. A dis- 
trict health authority might have a poor screen- 
ing programme, but nine out of 10 cases might 
still be detected early over a three year period 
because, by chance, most of the affected indi- 
viduals in that period came from either a high 
risk group screened in hospital or had alert 
parents. The reverse is equally easy to imagine. 
This difficulty with small numbers also applies 
to assessing screening programmes for congeni- 
tal dislocation of the hip (estimates of preva- 
lence vary widely according to the definition 
used; the reported prevalence of established dis- 
ease ranges from 0°67/1000!° to 1'28/1000 live 
births!!) and congenital hypothyroidism (preva- 
lence about 1/4000 infants,'? that is, less than 
one expected case/year in the average district 
health authority). 


Management of insulin dependent diabetes 

melitus 

The suggested measure here is the proportion of 
children with diabetes who have glycated 
haemoglobin (HbA,) concentrations more than 
1-5 times mean for the normal range in that 
area. 

The main problem with this measure is that 
the effect of services are likely to be less impor- 
tant than the effect of other factors such as the 
age of the children and their social environ- 
ment. Before puberty, children with insulin 
dependent diabetes mellitus tend to have con- 
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siderably lower levels of HbA, than older chil- 
dren (D Dunger, personal communication). 
The age distribution of cases both in district 
health authorities and in one district health 
authority over time will show a random varia- 
tion, which is likely to be the main determinant 
of mean concentrations for that district health 
authority. 

_ The precise number of children with insulin 
dependent diabetes mellitus in the United 
Kingdom is not known, but cumulative preva- 
lence figures from the 1958 British birth cohort 
study suggest a total of roughly 4500 children.'? 
With an apparent trend towards a younger age 
of onset in recent years, the true figure might be 
nearer 9000.14 In an average district health 
authority there would therefore be about 50 
children affected. Assuming that half of these 
children have concentrations of HbA, >1°5 
times the mean of the normal range, and that 
(following the authors’ suggestion), they are 
divided into two groups according to time since 
diagnosis, we can expect the number of children 
across the country in each group who fall into 
the category defined as ‘unacceptable’ to follow 
a Poisson distribution with a mean of 12. The 
95% CI for this distribution is between 6 and 
20. This implies that only values outside this 
range could reasonably be ascribed to real rather 
than chance variations. 


Late recognition of developmental problems 
As the report acknowledges, differences in 
practice make this measure useful only within a 
single district health authority but even here 
changes over time may be difficult to interpret. 


Management of asthma 
The collection of data on rates of admission of 
children with severe asthma is an exciting 
suggestion that could potentially yield valuable 
information. Asthma is an important condition 
that affects a large number of children, many of 
whom are admitted to hospital each year. 
The suggested measure will reflect not only 
the prevalence of severe disease but also local 
management of asthma and perhaps ease of 
access to medical facilities. None the less, most 
would agree that a decline in such admissions 
would probably reflect desirable underlying 
changes. 


Discussion 

I have discussed some of the difficulties that 
would be encountered when using the outcome 
measures propose by the BPA working party. It 
is not improved outcome measures that are 
required, however, but a different approach. 
The first step is to define the aims of monitoring 
the service. In my view the principle aim of 
monitoring child health services in a district 
health authority is to establish whether policies 
are being implemented and implemented effi- 
ciently. The wider question of whether a medi- 
cal intervention actually improves health 
belongs to a different level of evaluation. This 
would require research studies designed to 
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answer specific, and usually fairly limited, ques- 
tions. Such studies frequently demand separate 
staff and funding and often need to be multi- 
centre. Research workers do not evaluate the 
efficacy of a drug simply by observing what 
happens in different areas, and there is no 
justification for requiring a less rigorous 
approach to other interventions. 

The managers of a district service need to 
consider the results of properly designed 
research evaluations of specific interventions 
when establishing a policy. Where appropriate 
studies do not exist, all the information avail- 
able must be considered in the light of common 
sense and an interim decision made. Unfortun- 
ately most child health services fall into this 
‘unknown’ category. This is not an argument 
for trying to evaluate their effects on health, dis- 
trict by district, which would be ineffective, but 
instead to set up studies that will produced 
answers. 

When setting up a system for monitoring 
child health services the following points should 
be considered: 

e Are the aims of the service and of monitoring 
clearly set out and accepted by staff? 
© Are there clear lines of responsibility for the 
monitoring excercise and have channels been 
established that permit the results to lead to 
change? 

e As far as specific measures are concerned: 

(i) Is the measure chosen an adequate reflec- 
tion of whether a service is fulfilling its aim? 
(il) Is the measure valid (does it measure what 
it purports to measure)? 

(iii) Are the data obtainable at a reasonable 
cost? 

(iv) Are. the numbers large enough to distin- 
guish between real change and random fluc- 
tuation? 

(v) Is it possible to disentangle the effects of 
the services on the measure from the effects of 
other factors? 

For some services there is sufficient evidence 
of the efficacy of the intervention for process 
measures to serve as implied outcome measures, 
the obvious example being immunisation. In 
other circumstances we await the definitive evi- 
dence and must establish policy on the balance 
of probabilities, but here again process mea- 
sures are usually appropriate. 

When dealing with uncommon conditions I 
have argued that it is not appropriate to use the 
rate of adverse outcomes or, in the case of 
screening programmes, the false negative rate, 
to evaluate the service. This does not mean that 
one ignores these cases. To gain the most infor- 
mation about possible gaps in the service it is 
important to look at these cases individually, 
not as numbers. Any child with sensorineural 
hearing loss who has not been identified by 15 
months of age represents a failure and requires 
investigation. The same is true of a child with a 
late diagnosis of congenital hypothyroidism. 
This principle is widely accepted by neonatolog- 
ists who routinely hold meetings to discuss the 
children who die on their units; there is no 
reason why the same should not be true of other 
paediatric services. While such investigations 
can become witch hunts this is not inevitable, 
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and they can be a useful means of identifying 
unsuspected flaws. 

As a general principle, the use of health out- 
comes as a measure of the effects of services at a 
district level can only occasionally be helpful. 
What is needed in child health (as in other bran- 
ches of medicine) is: firstly, the establishment 
of a clear set of goals for the service that can be 
translated into concrete objectives and, 
secondly, the development of a set of research 
priorities with funding set aside for properly 
designed studies to answer central questions 
about service efficacy. 
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A recent article in the Journal of the Royal Society of Medicine 
(W Yule, 1991;84:12-5) describes reactions seen in children who 
have survived disasters, in particular, the Zeebrugge disaster and 
the sinking of the cruise ship Jupiter in Athens. Some 30-50% of 
children show significant evidence of continuing disorder for 
months after the disaster and the problems are not always 
recognised by parents or teachers. They include depression, sleep 
disturbance, difficulties in separating from the parents, defects of 
memory and concentration leading to poor school performance, 
irritability, guilt feelings, panic attacks, fear of water or of travel, 
and difficulties in communication with parents or peers. 
These children need professional help. For a discussion of their 
treatment Dr Yule refers readers to his chapter in a new book.! 
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LETTERS TO 
THE EDITOR 





Tests for growth hormone secretion 


Sir,—Professor Brook and Dr Hindmarsh 
claim that children growing at a less than 3rd 
centile velocity carry a 97% chance of showing 
an abnormality on investigation.’ In a leading 
article in the British Medical Journal in 1986 
they wrote ‘If a third centile velocity is chosen 
for immediate action the chances of investigat- 
ing a normally growing child are only 3%’.? 
The latter statement is capable of two inter- 
pretations. It could mean that 3% of normal 
children would be investigated, which is true. 
It could also be taken to mean that 3% of 
investigated children would be normal, which 
is not true, unless by chance. Only this second 
interpretation, however, fits with the assertion 
that 97% of investigated children would be 
abnormal. 

The percentage of children below the third 
centile who are abnormal is: 


Number of abnormal children 
in the group (<3rd centile) 
SS x 100 

Total number of abnormal + 
normal children in the group 


Growth chart centiles concern only normal 
children. They cannot tell us about the 
number, or even the existence, of abnormal 
children and therefore cannot provide the 
figures necessary for the calculation. 

The chances of finding an abnormality on 
investigation depend on the sensitivity of the 
methods of investigation, and on what propor- 
tion of those perceived as having the problem 
have a pathological cause for it and what pro- 
portion represent simply the extremes of bio- 
logical variability. Brook and Hindmarsh give 
no indication that they have taken these 
factors into account in arriving at their figure 
of 97%. 


D P ADDY 
Dudley Road Hespital, 
Dudley Read, 
Birmingham B18 70H 
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Professor Brook and Dr Hindmarsh comment 
We thank Dr Addy for his interest and we 
accept his point. 

In practical terms it makes not the slightest 
difference because the total number of 
abnormal children will so greatly outweigh the 
number of normal children that the fraction he 
gives will approach unity or 100%, which is 
the point we were trying to make. 


Gut blood flow velocities in the newborn: 
effects of patent ductus arteriosus and 
parenteral indomethacin 


Sır, The paper by Coombs et al claims to 


-show indomethacin has direct effects on the 


splanchnic circulation that are independent of 
its desired effect, that is, closure of the duct. ? 
Indomethacin is such a widely used and 
important drug that such a claim must be care- 
fully evaluated. 

The observed effects of drug administration 
were a decrease in systolic gut flow velocity 
with a change to antegrade diastolic flow by 
one hour. In the group given a rapid bolus the 
systolic velocity fell further and more rapidly; 
it is claimed that this is due to splanchnic 
vasoconstriction. The evidence provided does 
not support this. The conclusions are pre- 
sumably based on the assumption that left 
ventricular stroke volume does not change 
after indomethacin administration. In fact 
several papers have shown that left ventricular 
stroke volume falls dramatically, with a fall in 
systolic aortic velocity, if the duct closes.” 
An abnormally raised cardiac output returns 
to normal. The decrease in systolic mesenteric 
flow velocities observed in this study could 
therefore merely reflect aortic flow changes 
secondary to rapid ductal constriction. The 
observed velocity changes could have occurred 
in the descending aorta, the renal arteries, and 
even the femoral arteries,” in fact in any 
systemic artery. Indomethacin normally closes 
the duct; therefore, to study its generalised 
effects, the haemodynamic consequences of 
ductal constriction must be taken into consi- 
deration. The observation that the fall in gut 
flow velocities decreases with second and third 
doses could be explained by the duct 
becoming progressively smaller and therefore 
the haemodynamic consequences of ductal 
constriction becoming less marked. 

The suggestion that rapid administration of 
indomethacin causes an undesirable fall in 
splanchnic circulation is probably a misinter- 
pretation of the observations presented in this 
paper. We note that none of the 19 infants 
given indomethacin suffered serious side 
effects and that, in every case, retrograde or 
absent diastolic flow changed to normal ante- 
grade flow. 


JONATHAN R SKINNER 
JEAN MATTHES 

EDMUND N HEY 

Department of Child Heaith, 
Princess Mary Maternity Hospital, 
Great North Road, 

Newcastle upon Tyne NE2 3BD 


STEWART HUNTER 

Department of Paediatric Cardiology, 
Freeman Hospital, 

Newcastle upon Tyne NE7 7DN 


l Coombs RC, Morgan MEI, Durbin GM, Booth 
IW, McNeish AS. Gut blood flow velocities in 
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3 Hirsimaki H, Kero P, Wanne O, et al. Doppler- 
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infants in relation to physiological patency of 
the ductus arteriosus. Pediatr Cardiol 1988;9: 
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4 Lindner W, Seidl M, Versmold HT, 
Döhlemann, Riegel KP. Stroke volume and 
left ventricular output in preterm infants with 
ar ductus arteriosus. Pediatr Res 1990527: 
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Hyperinsulinaemic hypoglycaemia in small 
for dates babies 


Sır,— The paper by Collins et al on hypo- 
glycaemia in the small for dates infant raises 
two important issues about the pathogenesis 
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and hence management of such infants.! The 
authors suggested that the low glucose concen- 
tration in the subgroup without overt evidence 
of hyperinsulinsm might be explained by a 
transient deficiency in glucagon secretion.” 
This implies that they believe that the remain- 


` ing infants had normal plasma glucagon con- 


centrations. However is it not equally likely 
that a proportion of their ‘hyperinsulinaemic’ 
group were also relatively deficient in this vital 
gluconeogenic hormone? Thus could not the 
persistence of the fetal insulin effect be due to 
a failure of the normal postnatal surge in glu- 
cagon release? In the absence of glucagon, the 
key enzymes of the gluconeogenic pathway 
(for example, phosphoenol pyruvate carboxy- 
kinase) would be inoperative and it has 
recently been shown that glucose-6-phos- 
phatase also requires glucagon for catalytic 
activity.’ 

The second and related issue is that given “ 
the wealth of theoretical evidence of the poten- 
tial importance of this hormone, why is the 
glycaemic response so poor after an intramus- 
cular injection? In pilot studies before the 
Original paper on transient glucagon defi- 
ciency,’ I observed that infants who failed to 
respond to intramuscular glucagon neverthe- 
less showed a brisk, sustained rise in peri- 
pheral plasma glucose concentration after an 
intravenous bolus (200 pg/kg). The most 
likely explanation is that the sustained peak 
plasma concentrations of this hormone after 
intravenous injection might be sufficient to 
raise the concentration in the portal vein above 
the local insulin concentrations and thereby 
reverse the direction of net hepatic glucose 
flux. Thus the early use of intravenous gluca- 
gon in all hypoglycaemic infants is likely to 
shorten their dependence on intravenous 
glucose supplementation and in addition 
prevent rebound hypoglycaemia when oral 
feeding is introduced. 


ANIL MEHTA 

Department of Child Health, 
Ninewells Hospital and 
Medical School, 

Dundee DDI 9SY 


1 Collins JE, Leonard JV, Teale D, et al. Hyper- 
insulinaemic hypoglycaemia in small for dates 
babies. Arch Dis Child 1990;65:1118-20. 

2 Mehta A, Wootton R, Cheng KN, Penfold P, 
Halliday D, Stacey TE. Effect of diazoxide or 
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Dis Child 1987;62:924-30. 
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Drs Collins, Leonard, Teale, and Marks 
comment: 

We thank Dr Mehta for his letter. In the 
original protocol it was planned to measure 
plasma glucagon concentrations in all the 
babies, but there was insufficient blood in all 
but a few samples for us to do this. In two 
patients who were hyperinsulinaemic (cases 6 
and 9) glucagon was not detectable in plasma 
at the time of hypoglycaemia (limit of detec- 
tion 25 pmol/l). These results are consistent 
with the hypothesis that the hyperinsulinae- 
mic babies were relatively glucagon deficient 
as well. 


Development of intestinal motility 


SıRr,—In Dr Bisset’s article on development of 
intestinal motility he notes that little is known 
of the development of colonic motility in 
humans and that most infants pass their first 
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bowel motion during either labour or the 
ensuing 48 hours.’ While this is true there is a 
very noticeable gestational age effect on the 
passing of meconium by a fetus during labour 
which gives some idea of the maturation of 
this aspect of gut function. Increasing gesta- 
tional age is by far the strongest predictor of 
the presence of meconium in amniotic fluid at 
delivery with 10% of infants at 35 weeks’ 
gestation, 17% at 40 weeks’ gestation, and 
25% at 42 weeks’ gestation having passed 
meconium before delivery.” The presence of 
meconium in labour before 34 weeks’ gesta- 
tion is uncommon and infections such as 
listeria need to be excluded. The mechanism 
resulting in the passage of meconium is 
unknown but has been said to depend on 
hypoxia or acidosis,* with vasoconstriction of 
the fetal intestinal blood supply, hyperperista- 
tis, and anal spincter relaxation.* However it 
seems highly likely that the passage of 
meconium is generally a normal physiological 
event reflecting increasing fetal maturity. 


S M GORMALLY 

T G MATTHEWS 
Department of Paediatrics, 
The Rotunda Hospital, 
Dublin 1, 

Republic of I reland 
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Gastro-oesophageal reflux in apparent life 
threatening events 


SIR;—Your editorial on surgery for gastro- 
oesophageal reflux stated that apparent life 
threatening events (ALTE or ‘near miss’ SIDS 
episodes) associated with confirmed gastro- 
oesophageal reflux was ‘probably an absolute’ 
indication for surgery.! While having some 
difficulty with the concept of probable ab- 
solutes the following points should be noted. 

Gastro-oesophageal reflux is a common 
event in infants and the application of techni- 
ques such as continuous lower oesophageal pH 
measurement has resulted in its association 
with a variety of conditions from asthma, 
recurrent bronchitis, pneumonia, apnoeic 
periods in the newborn, cyanotic attacks, 
ALTE, rumination, torticollis, abnormal 
movements of the head and neck, and neuro- 
psychiatric disorders.” However as Carré pre- 
viously noted none of these disorders, with the 
exception of pulmonary infections, occurred 
with increased frequency in a 35 year prospec- 
tive study of 710 çhildren with partial thoracic 
stomach (hiatal hernia) and gastro- 
oesophageal incompetence.? 

The presence of gastro-cesophageal reflux 
in infants who have suffered an ALTE does 
not establish a causal relationship. Before 
embarking on surgical treatment of a 
common, and usually harmless, condition it is 
imperative that a clear association be estab- 
lished between the two events—that is, it has 
to be shown that gastro-oesophageal reflux 
causes the ALTE in a particular child. 
Previous studies do not support surgical inter- 
vention with no clear causal relationship estab- 
lished and no benefit from fundoplication.” 


Even if gastro-oesophageal reflux is shown 
to cause an ALTE in an infant we should 
perhaps ponder on why this infant reacts so 
differently from the majority of infants with 
gastro-oesophageal reflux. 

At present the role of gastro-oesophageal 
reflux in ALTE is still unclear and needs to be 
firmly established before the various manage- 
ment options (including medical and conser- 
vative) can be prospectively evaluated. 


S M GORMALLY 

T G MATTHEWS 
Department of Paediatrics, 
The Rotunda Hospital, 
Dublin 1, 

Republic of I reland 


I Kiely EM. Surgery for gastro-cesophageal reflux. 
Arch Dis Child 1990;65:1291-2. 

2 Carré IJ. Clinical significance of gastro- 
iN ali reflux. Arch Dis Child 1984;59; 


3 Rosen CL, Frost JD, Harrison GM. Infant 
apnoea: polygraphic studies and follow-up 
monitoring. Pediatrics 1983;71:731-6. 


` Nutrition and bronchopulmonary dysplasia 


SIR; —We read the article by Wilson et al on 
nutrition and bronchopulmonary dysplasia! 
with interest and should like to report some of 
our own data for comparison. Between 
January 1980 and December 1989, 4389 
infants under 72 hours of age have been 
admitted to the neonatal intensive care unit at 
Liverpool Maternity Hospital. Two hundred 
and forty two of these developed bronchopul- 
monary dysplasia, which was defined as being 
present if an infant had received ventilatory 
support for over 24 hours in the first 72 hours 
of life and had a persistent requirement for 
supplementary oxygen together with an 
abnormal chest radiograph on day 28. We 
performed a multiple logistic regression 
analysis of these data with bronchopulmonary 
dysplasia as the dependent variable and sex, 
birth weight, gestation, survival to discharge, 
and year of birth as independant variables. 
This showed an inverse correlation between 
the occurrence of bronchopulmonary dyspla- 
sia and birth weight which was independent of 
gestational age (odds ratio for a rise of 250 g in 
birth weight above 500 g=0°83; 95% confi- 
dence interval=0-°77 to 0-90). 

We have also investigated in detail the 
growth of nine infants with severe broncho- 
pulmonary dysplasia who have recently been 
discharged from hospital receiving supple- 
mentary oxygen. Of the six that had been born 
at more than 28 weeks’ gestation only two 
were below the 3rd centile for weight at birth, 
three were between the 10th and 50th, and one 
was above the 90th. At term all nine infants 
were below the 3rd centile for weight and at 
discharge from hospital eight were still below 
the 3rd centile. 

The above findings are in agreement with 
those of Wilson et al and lend strong support 
to the hypothesis that infants who develop 
bronchopulmonary dysplasia fail to achieve 
optimal growth postnatally as well as ante- 
natally. 


N J] SHAW 

R W I COOKE 

Department of Child Health, 
Liverpool Maternity Hospital, 
Oxford Street, 

Liverpool L7 7NB 
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Continued need for pneumococcal 
prophylaxis after splenectomy 


Str,—In a recent issue of this journal Drs 
Murdoch and Dos Anjos reported two children 
who died of overwhelming pneumococcal 
infection, five and eight years after splenec- 
tomy.) They might have included in their 
report a patient at Guy’s Hospital who died 
last summer 30 years after splenectomy per- 
formed at the age of 2 years at the Evelina 
Children’s Hospital. 

The girl was admitted to the Evelina 
Children’s Hospital in 1959 when I was 
paediatric registrar. She had idiopathic hypo- 
glycaemia—at that time labelled McQuarrie’s 
syndrome. Heavy doses of steroid controlled 
her symptoms but rendered her grossly 
cushingoid. A single insulin estimation (30 ml 
blood from a femoral vein that was incubated 
on a rat’s diaphragm) showed high circulating 
insulin concentrations and a subtotal pan- 
createctomy was carried out. To achieve this it 
was necessary to remove her spleen. The 
operation cured her hypoglycaemia and did 
not cause diabetes mellitis. The child thrived 
well physically and intellectually. 

Some 20 years later, when I met a case of 
nesidioblastosis, I asked for the original blocks 
of her pancreas to be brought out, appro- 
priately stained, and confirmed the diagnosis 
that she also had nesidioblastosis. At a 
meeting on hypoglycaemia at Guy’s Hospital I 
presented the case history and the ‘patient’ 
attended; she was healthy and holding down a 
good job. The fact of splenectomy was noted 
but since she was now in her early 20s and 
very well, no prophylactic penicillin was 
suggested. 

She married, bore two children success- 
fully, and never had any obvious problem with 
infection. On the summer of her death she 
became unwell with a high fever and joint 
pains in the knee. She was seen in Guy’s 
Hospital casualty department where the 
abdominal scar was attributed to pancreatec- 
tomy, and the casualty officer was unaware of 
the splenectomy. Radiographs were taken and 
tests were initiated but she was not admitted. 
In the small hours of that night she was 
brought in dead to King’s College Hospital. 
Necropsy showed overwhelming infection 
with Streptococcus pneumoniae. 

This tragic story, together with other cases 
encountered in my 30 years as a paediatrician, 
leads me to endorse Drs Murdoch and Dos 
Anjos’ recommendations on prophylaxis, 
though they would not have saved the woman 
described here. (Pneumovax II was not 
available in 1959 and the infection occurred 
long after she had passed ‘increased epidemio- 
logical risk of pneumococcal infection such as 
school, university, or the armed forces’.) 
Therefore, prophylactic penicillin should be 
continued for life. As this will inevitably lead 
to problems with compliance, an alternative is 
that the patient should carry a card and always 
have a large dose of amoxycillin capsules to be 
taken at once in any sudden feverish systemic 
illness, and seek medical advice promptly. 
I would also add that wherever the circum- 
stances allow, Pneumovax II should be given 
before splenectomy. 


J W SCOPES 

Department of Paediatrics, 
St Thomas’s Hospital, 

London SEI 7EH 
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Arch Dis Child 1990;65:1268-9. 


Archives of Disease in Childhood 1991; 66: 751 


Eight and 12 week courses of 
cyclophosphamide in nephrotic syndrome 


Sır —We read with great interest the report 
on cyclophosphamide treatment of steroid 
dependent nephrotic syndrome recently pub- 
lished in this journal by Ueda et al.! Surpris- 
ingly the authors could not find any difference 
in the number of patients who remained in 
sustained remission after treatment with 
cyclophosphamide for either eight or 12 
weeks, contrary to our previous finding.” We 
would like to comment on the conclusions of 


this study, as we find considerable differences 


in the treatment procedures used in their 
study and ours, in addition to the age differ- 
ences in patients described by the authors. 
Most notable is the difference in the initial 
treatment of nephrosis. All of our patients 
were treated initially according to the standard 
treatment protocol of the Arbeitsgemeinschaft 
fiir Padiatrische Nephrologie (APN), that is, 
60 mg/m?/day continuously for four weeks, 
followed by treatment on alternate days with 
40 mg/m?/48 hours prednisone. In contrast, 
the duration of the initial treatment of patients 
in the study by Ueda et al was significantly 
longer, that is, four weeks of continuous 
steroid administration, followed by three to 
four months’ treatment with tapered down 
prednisone dose (reduction of 5 to 10 mg/m? 
every two weeks). Thus the total amount of 
prednisone in the initial treatment was 2240 
mg/m? in the APN study, but about 4620 
mg/m? in the study of Ueda et al. It has been 
shown recently that the intensity of the initial 
treatment is a critical factor in the outcome 
and prognosis of steroid sensitive nephrotic 
syndrome-—that is, the longer and more inten- 
sive the initial treatment is, the lower the 
number of patients who relapse, and the 
number of relapses and frequent relapsers.* 
We therefore would assume that the patients 
of Ueda and his colleagues represent a highly 
selective group, who suffer from a more severe 
nephrotic syndrome than the patients treated 
by the APN protocol, and where steroid 
dependency could not be prevented by any 
intense initial treatment. Otherwise it could 
not be explained why the cumulative percen- 
tage of sustained remission rates after eight or 
12 weeks’ cyclophosphamide were only 24% 
or 25%, respectively, which is lower than all 
other published results of cytotoxic drug 
treatment for steroid dependent nephrotic 
syndrome.*? We therefore strongly suggest 
that the differences in the results of the two 
studies are due to the selection of patients who 
were treated with cyclophosphamide. The 
longer duration of the trial (five years Ueda et 
al v 2 years in the APN study) and the higher 
number of patients in the study by Ueda er al 
seem to play only a minor part in these results 
(see table) as all but one of the patients of 


Ueda et al relapsed within two years after 
treatment with cyclophosphamide. Therefore 
our study was sufficient to judge the effective- 
ness of cyclophosphamide treatment, which 
was later confirmed in a five year evaluation of 
APN study groups.'° 

In summary, we cannot agree with the 
general conclusion of Ueda et al that the effect 
of an eight week course of cyclophosphamide 
appears to be the same as that of a 12 week 
course in children with steroid dependent 
minimal change nephrotic syndrome. This is 
probably only true for such groups of patients 
who were as intensively treated initially as in 
the study of Ueda et al. For those who were 
treated less intensively, by the International 
Study of Kidney Diseases in Children 
(ISKDC) and APN, our conclusion can be 
maintained that cyclophosphamide should be 
used for eight weeks in patients who relapse 
frequently and are not steroid dependent and 
for 12 weeks in patients who relapse fre- 
quently but are steroid dependent. 


B OEMAR 

J BRODEHL 

Arbettsgemeinschaft für Paddiatrische Nephrologie, 
Department of Pediatric Nephrology 

and Metabolic Disease, 

Medical School Hannover, 

D-3000 Hannover 61, 


Federal Republic of Germany” 
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Characteristics of steroid dependent patients in study groups 





Ueda et al’ APN? 
12 Weeks 8 Weeks 12 Weeks 8 Weeks 
Male:female 28:13 26:6 7:11 9:9 
Mean age at onset of nephrosis (years) 640 6°00 5°80 4:90 
Mean steroid dose for initial treatment (mg/m?) 4620 4620 2240 2240 
Mean age at entry to cyclophosphamide study (years) 7:80 770 8-60 6°90 
Mean duration of nephrosis before cyclophosphamide 
(months) 19°20 18-80 34-80 22-80 
No of relapses (12) or (6) months before entry 5-1 (12) 4-5 (12) 44 (6) 48 (6) 
Total cumulative dose of prednisone before 
cyclophosphamide (mg/kg/patient/month) 18-50 19-30 27-40 26°40 
No of patients with relapse after cyclophosphamide/total 
patients , 31/41 24/32 6/18 14/18 
Cumulative % of sustained remission 24 25 67 22 
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Dr Ueda comments: 

I read with interest the comments by Dr 
Oemar and Professor Brodehl, and I wish to 
thank them for their thoughtful remarks. 
There are indeed some differences between 
their study and ours. However, I cannot agree 
with the suggestion that we had a highly selec- 
tive group of patients as a result of different 
initial steroid treatment, because the remis- 
sion rate in their patients treated for eight 
weeks is similar to those reported by us. 
I might add that the longer steroid treatment 
seems not to affect the subsequent course 
when it is used once nephrotic patients are 
steroid dependent, although this has an 
impact on the outcome when it is used as 
initial treatment.! 

Perhaps the important differences may 
relate to the criteria for steroid dependence 
and the age of the patients studied. The 
criteria for steroid dependence they adopted is 
somewhat different from ours as they included 
the patients other than those relapsed while 
receiving steroids or within 14 days after 
stopping steroids (‘fast’? relapser), Such 
patients could be more responsive to cyclo- 
phosphamide than those with ‘fast’ relapse. In 
addition, the most striking difference is the 
age at which cyclophosphamide was insti- 
tuted. The age at entry into the study of their 
patients treated for 12 weeks, who had higher 
relapse free rate, is higher than that of those 
treated for eight weeks and of our patients 
with relapse, but is similar to that of our 
patients without relapse. Cyclophosphamide 
appears more effective in older patients than 
in the younger,” thus the distribution of the 
age at entry should be strictly the same in a 
comparative trial of such a drug. Finally, Jam 
sure that Oemar and Brodehl would agree 
with me that their data must be interpreted 
with caution because of the retrospective 
nature of their study and the small number of 
patients in their study group. Thus in their 
study if the only two patients treated for 12 
weeks relapsed, the differences in the efficacy 
of the two regimens would be insignificant. 

In summary, if the data including the total 
time off steroids, the number of the patients 
without ‘fast relapse’ before cyclophospha- 
mide, the age at entry into the study of 
patients with and without relapse, and the 
recent outcome after the completion of their 
study are available, the discrepancy between 
their and our results could be more clarified. 
We believe that the two regimens have an 
equivalent efficacy when a patient selection is 
carefully performed as described above. 


i Udea N, Chihara M, Kawaguchi S, et al. Inter- 
mittent versus long-term tapering prednisolone 
for initial therapy in children with idiopathic 
nephrotic syndrome. 7 Pediair 1988;112: 


i 

2 Barratt TM, Bercowsky A, Osofsky SG, Soothill 
JF, Kay R. Cyclophosphamide treatment in 
steroid-sensitive nephrotic syndrome of child- 
hood. Lancet 197551:35-8 


Acute wheezy bronchitis—lumping and 
splitting 


Str,—Mertsola and colleagues have carried 
out a very comprehensive and worthwhile 
study on the association between viral infec- 
tion and wheezing in childhood.! However, 
their terminology ‘wheezy bronchitis’ as an 
appropriate diagnostic term for their study 
population should be reconsidered. It is an 
emotive term, and its definition far from clear. 
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Wheezy bronchitis was originally used to 
describe preschool children who wheezed only 
after viral respiratory tract infections and whe 
seemed relatively resistant to sympathomi- 
metic and steroid treatment. It was thought 
that only a minority of these children went on 
to develop ‘asthma’. With the increasing 
awareness of the underdiagnosis of asthma in 
childhood the term was re-examined.” 
Wheezy bronchitis was attacked as an over 
used euphemism for childhood wheeze. Far 
from avoiding the diagnosis ‘asthma’, imply- 
ing a chronic illness, the use of ‘wheezy 
bronchitis’ led to undertreatment and in- 
appropriate use of antibiotics in many true 
asthmatics. It was suggested that all who 
wheezed should be lumped together as asth- 
matic unless proved otherwise. In keeping 
with this concept most doctors and many 
parents now perceive asthma as a common 
condition with a wide range of severity and 
symptoms throughout childhood. 

Last year Dr Nicola Wilson re-examined 
the idea of splitting up wheezy disorders in 
childhood.* Like Professor Margaret Turner- 
Warwick, who described different patterns of 
airflow obstruction in chronic adult asthma- 
tics,* she has argued that difficulties in treat- 
ing asthmatic preschool children related to a 
failure in identifying clinical subgroups with 
different patterns of illness. Lacking a better 
term, she described a splinter group of 
‘wheezy bronchitics’ as children who wheezed 
only in response to viral infections with little 
or no atopy compared with asthmatics of the 
same age. If the term is to be used at all it 
should refer to these kind of children. This is 
clearly not the group of patients studied in 
Finland. Forty three percent of these were 
highly atopic and atopic features were 
common in the rest. We are given no informa- 
tion about a family history of atopy. Although 
viral infections were identified in 45% of 
respiratory episodes, wheezing occurred in 
73% of respiratory episodes in which no virus 
was found. These children might have had 
typical asthma with wheeze secondary to pre- 
cipitants unrelated to viral infections. Thirty 
nine percent of children were receiving regular 
prophylaxis. This might have prevented per- 
sistent asthma symptoms that would otherwise 
have been present. 

If childhood asthma is to be split up careful 
attention must be paid to clearly defining 
separate subgroups. This is particularly 
important when considering pathogenesis and 
treatment of airway narrowing in our young 
wheezers. 


G CONNETT 

Royal Alexandra Hospital, 
for Sick Children, 
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Brighton BNI 37N 
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Drs Mertsola, Ruuskanen, Vanto, et al comment: 
We appreciate the comments of our colleagues 
and agree that many of our patients can be 
regarded as asthmatics. However, according 


to our present practice, the inclusion criteria 
used in the study (two or more wheezy 
bronchitis attacks) do not permit an asthma 
diagnosis in all these children. At present 
many authors regard wheezy bronchitis and 
asthma as the same disorder and children with 
wheezing attacks are treated with the prin- 
ciples of asthma therapy (as was the case in our 
study). The use of a term ‘wheezy bronchitis’ 
should not lead to undertreatment of patients. 

About one third of the children in our study 
had regular prophylaxis and we agree that this 
might have prevented wheezing attacks in 
some children, as discussed in the paper. 
Recently we re-evaluated the importance of 
allergen exposure as a cause of wheezing in 
these children." Although many of the 
patients were atopic, allergen exposure was 
not often suspected or proved as a precipitat- 
ing factor for wheezing. This was probably 
due to the effective allergen avoidance 
routinely advised to parents of young children 
in child health centres in Finland. The early 
preventive measures are helpful for the 
patients but make the analysis of these kind of 
studies even more complex. 


1 Vanto T, Ziegler T, Mertsola J, Ruuskanen O, 
Koivikko A. Allergen exposure and respiratory 
virus infections in young wheezy children 

(abstract). 7 Allergy Clin Immunol 1991;87:344. 


Spontaneous resolution of congenital 
nephrotic syndrome in a neonate 


Sir, —We were interested to read the article 
by Banton et al referring to a baby with con- 
genital nephrotic syndrome whose condition 
resolved.! We too have observed a child with 
congenital nephrotic syndrome who made a 
spontaneous recovery, and whose case raises 
important ethical considerations. 

The mother had a raised serum a feto- 
protein concentration on routine screening in 
pregnancy and amniocentesis, performed at 21 
weeks’ gestation, showed an a fetoprotein 
concentration of 325 mg/l (normal <20) with 
normal cholinesterase. An ultrasound scan 
showed no gross fetal abnormalities. A 
diagnosis of congenital nephrotic syndrome 
was made and the mother was offered termina- 
tion of her pregnancy but declined on religious 
grounds. A boy was born at term weighing 


= 3750 g, the placenta weighing 1000 g. He had 


gross proteinuria (Albustix 4+) at birth but no 
haematuria. He also became hypoalbuminae- 
mic, with a serum albumin of 18 g/l at 2 
weeks. He had mild pitting oedema in the first 
week but none subsequently and at no time 
did he become hypertensive. The selectivity 
index (IgG urine : serum as a percentage of 
transferrin urine : serum ratio) was initially 
<7% (highly selective proteinuria) but rose to 
17% at 7 weeks. The level then fell back to 9% 
at 10 weeks of age and the proteinuria had 
resolved by 10 months. A renal biopsy speci- 
men at 2 months of age showed normal 
glomeruli by light microscopy with the excep- 
tion of one obsolescent glomerulus. The 
tubules, interstitium, and blood vessels 
appeared normal. Immunofluorescent stains 
for complement components and immunoglo- 
bulins were all negative, and these findings 
were compatible with ‘minimal change’ 
nephrotic syndrome. He was treated with a 
high protein diet (6 g/kg/day), replacement 
immunoglobulin, and penicillin prophylaxis 
up to 5 months of age; neither steroids nor 
diuretics were used. The child is now 6 years 
old, has not relapsed, and is entirely well. 
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The congenital nephrotic syndrome is 
heterogeneous and various types can be 
recognised histologically. The Finnish type, 
and the forms exhibiting diffuse mesangial 
sclerosis, or focal segmental glomerulosclero- 
sis all have a poor prognosis. A policy of 
prenatal diagnosis is therefore justified in 
families with a previously affected child whose 
clinical course or histological type is known to 
be adverse. However from time to time 
screening for neural tube defects by maternal 
a fetoprotein in serum and amniotic fluid will 
lead unexpectedly to the diagnosis of congeni- 
tal nephrotic syndrome? ? and the type of 
congenital nephrotic syndrome and the actual 
prognosis will not be known. In view of the 
benign course of our patient, and the one 
described by Banton et al, the counselling of 
such families can be extremely difficult. 

A review of patients with congenital 
nephrotic syndrome at this hospital over a 
period of 24 years (S Yoshiara, RHR White, F 
Raafat, unpublished data) showed that, of 26 
cases proved at biopsy, eight were of the 
Finnish type, three had the form exhibiting 
diffuse mesangial sclerosis, 12 had focal 
segmental glomerulosclerosis, and three the 
histological appearances compatible with 
minimal change nephrotic syndrome. Of the 
latter, two siblings were steroid resistant and 
continue to have mild proteinuria at 19 years 
of age, with normal renal function, although 
one is hypertensive. The other child 
responded to prednisolone 60 mg/m?/day and 
remained in complete remission until 5 years 
of age, when proteinuria recurred; a further 
biopsy specimen taken at this time showed 
type 1 mesangiocapillary glomerulonephritis. 
One of the 12 infants with focal segmental 
glomerulosclerosis was partially steroid res- 
ponsive and is currently in remission after 
treatment with cyclophosphamide. 

The distinction between the histological 
subtypes can sometimes present difficulties. 
Although the glomeruli in Finnish nephrotic 
syndrome show mild mesangial hypercellu- 
larity, this can also be a feature of minimal 
change nephrotic syndrome. Moreover the 
cystic tubular dilatation which characterises 
Finnish nephrotic syndrome is of variable 
severity and also occurs in focal segmental 
glomerulosclerosis, while segmental sclerosis 
in the latter condition may initially be so 
minimal as to escape detection in a renal 
biopsy specimen obtained during the first 
three months of life. Experience in differential 
diagnosis can only be gained if patients are 
referred to regional paediatric nephrology 
centres for evaluation. 

If the differential diagnosis remains in 
doubt, it is reasonable to offer a trial of corti- 
costeroid treatment, with antibiotic prophy- 
laxis because of the increased risk of infection, 
rather than to dismiss the condition as un- 
treatable. The counselling of a woman who 
had not previously had a child with congenital 
nephrotic syndrome requires an awareness 
that there is, perhaps, as much as a 10% 
prospect of steroid responsiveness if she 
produces an affected, liveborn infant. 


The authors are grateful to Dr James Partridge for 
permission to report this patient. 


GRAHAM SMITH 
MICHAEL WINTERBORN 
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East Birmingham Hospital, 
Bordesley Green East, 
Birmingham B9 5ST 
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Retinal haemorrhages in falciparum malaria 


SIR —Kaur and Taylor, in their otherwise 


extensive review of retinal haemorrhages in 
children, omitted arguably the most common 
cause in the world—falciparum malaria.’ 
Retinal haemorrhages are present on 
admission in 6-8% of children with cerebral 
malaria” ? with haemorrhages developing in a 
further 4% of children after treatment 
(personal observation). Their incidence in 
uncomplicated malaria has not been esta- 
blished. In adults haemorrhages are associated 


~ with more severe disease, as manifest by 


higher parasitaemias, schizontaemia, anaemia, 
and increased mortality.‘ 

The haemorrhages are often multiple and 
bilateral. Most are intraretinal, either flame 
shaped or dot and blot, often developing white 
centres (Roth’s spots) with time. Some are 
subretinal.* 

The pathogenesis of the haemorrhages is 
undetermined. Although they are associated 
with the development of anaemia in adults 
with cerebral malaria they are present early in 
the disease when haemoglobin concentration 
is relatively high. Intracranial hypertension 
has been documented in children with cere- 
bral malaria,? but there was no correlation 
between opening lumbar puncture pressure 
and haemorrhages in this study or a larger 
adult series. Raised central venous pressure 
secondary to convulsions may be a cause, but 
haemorrhages can develop in the absence of 
seizures. The pathognomic histopathological 
feature of cerebral malaria is the sequestration 
of parasitised erythrocytes in small vascular 
beds including the retinal vessels. We have 
documented the appearence of haemorrhages 
at around the time of sequestration on several 
occasions. Recently it has been suggested that 
the phenomenon of ‘rosetting’ of uninfected 
cells around the parasitised cells plays a part in 
the pathogenesis of cerebral malaria,’ and it is 
possible that the lodging of these agglutinates 
in the retinal vessels leads to haemorrhages. 
Haemorrhages were not associated with 
thrombocytopenia or disseminated coagula- 
tion in adults.* 

Whatever the mechanism, falciparum 
malaria probably causes, at a conservative 
estimate, a quarter of a million new cases of 
retinal haemorrhage a year in children, and as 
such is worthy of a mention. 


C R J C NEWTON 

P A WINSTANLEY 
K MARSH 

Clinical Research Centre, 
(Kilifi Research Unit), 
O Box 428, 

Kilifi, Kenya 
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Establishment of working definitions in 
nocturnal enuresis 


SiR,—The recent paper by Dr Butler high- 
lights the need for consistent use of nomencla- 
ture when reporting studies of nocturnal 
enuresis. However there are several points 
worthy of comment. Why include only those 
wetting more than 50% of nights during the 
baseline when this will exclude many enuretics 
equally in need of help who he admits are 
‘more difficult to treat’. Furthermore, by 
selecting only the wettest patients from your 
baseline period you risk the phenomenon of 
‘regression towards the mean’ biasing your 
results towards subsequent improvement 
irrespective of treatment. 

The working definitions proposed by Dr 
Butler would provide only limited information 
on the effects of drug treatments for enuresis. 
The application of these definitions would 
satisfactorily highlight the generally low rates 
of ‘initial arrest’ of enuresis and the high sub- 
sequent relapse rate,’ but they would fail to 
describe the lesser degrees of improvement 
that many children achieve while taking 
desmopressin or tricyclics. Although the gold 
standard for treatment is a ‘cure’, many fail to 
achieve this with conditioning therapy and for 
these children the, temporary improvement 
that drugs may effect, such as an increase in 
the number of dry nights or a reduction in the 
size of the ‘wet patch’, are perceived as worth 
while. 

It is important that these benefits are not 
overlooked when considering drug treatments 
for nocturnal enuresis. 


J H C EVANS 

Department of Paediatrics 

and Child Health, 

St James’s University Hospital, 
Leeds LS9 7TF 
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Dr Butler comments: 
Dr Evans’s comments regarding my article on 
working definitions in nocturnal enuresis’ 
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raise some interesting issues, which are 
predominantly concerned with the model’s 

applicability to groups of children (for 
example, those who have infrequent bed- 
wetting accidents) and methods of treatment 
(for example, medication) not originally the 
prime focus of the initial survey. 

In an attempt to establish some consistent 
definitions of nocturnal enuresis, which Dr 
Evans agrees are badly needed, I embarked on 
a survey of published reports of conditioning 
methods, given that these can be regarded as 
‘easily the most successful specific treatment 
available’. The method of arriving at the 
proposed definitions is contained within the 
article and they were discussed at length at the 
National Enuresis Research Steering Group, 
the body which orginally invited me to pursue 
this work. The suggested baseline inclusion 
criteria of ‘50% or more wet nights in a two 
week period’ was offered as a means of en- 
couraging homogeneity of samples in future 
studies of treatment effectiveness. My inten- 
tion was clearly not to detract from studies of 
children who wet infrequently, who as Dr 
Evans suggests are a very interesting and 
deserving population. Rather I am concerned 
that where such a population are studied, for 
reasons of clarity, the authors might be en- 
couraged to state the degree of severity of 
wetting. Indeed, I believe the article stated as 
much. 

I would argue that the proposed definitions 
of initial success, drop out, relapse, etc, 
although derived from studies on conditioning 
methods, are equally applicable to assessing 
the effectiveness of other interventions be they 
medication, diet, hypnosis or whatever, as 
they outline, reasonably unambiguously, the 


criteria to be met. 


Dr Evans stresses the absence of measures 
of improvement for those children who failed 
to meet the initial success criteria. I would 
agree that monitoring of progress is essential, 
whatever the treatment interventions, and 
indeed measures of improvement such as size 
of wet patch, time of accident, and so on have 
been outlined in detail elsewhere.? Given such 
measures, however, the objective either in 
clinical terms or research methodology must 
remain the achievement of an initial success 
criteria. 

Dr Evan’s final point regarding the probabi- 
lity of regression to the mean is clearly one 
variable, among many others, that would be 
controlled for within an appropriate experi- 
mental design. However as the regression to 
mean phenomena tends to describe changes on 
improvement measures rather than explain 
complete remission, it further emphasises the 
importance of establishing criteria for initial 
success as advocated in the article. 
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SISTER JOURNALS—UNITED STATES 


Pediatrics 

Each issue of Pediatrics, the journal of the 
American Academy of Pediatrics (AAP), is suf- 
ficiently weighty as to perhaps deter the casual 
reader. Overcoming this feeling and investigat- 
ing further, despite the excellent scientific con- 
tent, one is not altogether reassured to find that 
almost 30% of the pages are given over to com- 
mercial advertising, mainly pharmaceuticals. I 
suppose this reduces the costs to subscribers, 
but I find it worrying to see in one issue 12 
pages devoted to antitussives, antipyretics, and 
decongestants, together with adverts for pro- 
ducts of dubious utility such as an adsorbent for 
treating acute diarrhoea, fructose/dextrose mix- 
ture for nausea, and carnitine for ‘. . the lethar- 
gic, hypotonic child; the fretful infant who 
doesn’t eat; no specific evidence of dis- 
ease... yet something clearly is wrong’. 
Although there is a disclaimer to the effect that 
publication of an advertisement does not imply 
endorsement by Pediatrics or the AAP, I can’t 
help feeling that the volume and content of the 
promotional material somehow detract from the 
primary aims of the journal to inform and edu- 
cate its readers. 

If this tells us something about the relation- 
ship between the medical profession and the 
drug industry in the United States, the gene- 
rally high standard of the papers and their wide 
ranging subject matter tell us more about the 
fostering of high quality scientific research 
there. Many different areas of paediatric care 
are covered and there is much to interest UK 
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paediatricians. In addition, some intriguing 
insights into health care and society in North 
America are offered, for example the hospital in 
the Bronx which sees 60 000 children a year in 
its paediatric casualty department, 95% of 
whom are Hispanic, African-American, or 
Asian. To inform and educate patients waiting 
their turn to see the doctor, there are companies 
vying with each other to supply a television in 
the waiting room exclusively showing health 
education programmes. However, too much 
television can be bad for you, and perhaps 
explains the reported finding that only 42% of 
American 17 year olds can read well enough to 
understand an editorial in a major newspaper. 

Not surprisingly some areas of professional 
concern are common to both the UK and the 
United States. Accident prevention is given a 
laudably high profile and in this issue of Pediat- 
rics the AAP policy statement on safe transpor- 
tation of newborns discharged from hospital is 
reproduced. Parents may also buy a video film 
featuring a well known actress discussing car 
safety, and management of choking, drowning, 
poisoning, cuts, burns, and head injuries in 


- children. Perhaps we in the UK should explore 


video film as a means of disseminating popular 
health information. The policy statements of 
the AAP are published regularly in the journal 
and I wonder if similar space in the Archives of 
Disease in Childhood could not be given to the 
British Paediatric Association? 


J W L PUNTIS 


Polymerase chain reaction in the diagnosis of tuberculous 


meningitis 


New methods of diagnosing tuberculous meningitis appear to be 
proliferating. Last year Lu and coworkers in Shanghai and 
Stockholm described the use of a nitrocellulose enzyme linked 
immunospot assay for detecting cells in blood or cerebrospinal 
fluid which are secreting antigen specific IgG or IgA antibodies 
(see Archivist, October 1990:1192). They mentioned the possi- 
bility of using the polymerase chain reaction (PCR) as a further 
method aiming at early rapid diagnosis. Now researchers in New 
Delhi have published their experience with PCR (Shankar et al, 


Lancet 1991;337:5—7). 


They found positive results on examining the cerebrospinal 
fluid in 75% (15 of 20) of cases of ‘highly probable’ tuberculous 
meningitis. Unfortunately on first testing the method gave 
positive results in 14% of cases of pyogenic meningitis. On repeat- 
ing the tests on saved samples, however, they got negative results. 
They explain the initial positive results on the basis of sample 
contamination and claim that 100% specificity should be 


achievable. 


The test used by Lu et al was positive in 96% of cases (24 of 25) 
and one of 12 controls. A direct comparison of the two tests on the 
same patients seems indicated. They both seem to be much 
superior to conventional methods of diagnosis and may save many 
lives by allowing earlier diagnosis and treatment. 
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Equipment requirements for community based 


paediatric oxygen treatment 


Cheryl Angell 


Equipment Reason for Decision maker Who provides Who covers 
choice on equipment equipment cost of equipment 
(1) Domiciliary systems: 
(A) Oxygen Best option when a Hospital consultant Concentrator FHSA 
concentrator with continuous supply provided by 
low flow meter of oxygen is contractors-—-for 
attachment required. Less example, DeVilbiss 
stressful for and Omnicare 
parents and more 
economical. To Low flow meter by Low flow meter: 
contact concentrator contractor: referring hospital— 
contractors dial 100 DeVilbiss——charge for example 
and ask for £150 and sell paediatric budget 
Freephone Oxygen equipment to 
the hospital. 
Omnicare---£40 
rental charge to the 
hospital for as long 
as client requires 
equipment. By 
hospital ıtself-—-for 
example, Platon 
flow meter and 
technicians time to 
make a suitable 
bracket for fitting 
to the machine 
£90-120 
approximately 
(B) Oxygen When oxygen isused Hospital consultant Cylinders: general Cylinders by 
cylinders with infrequently—for practitioner on FHSA 
bullnose regulator example, prescription (size 
and low flow meter symptomatic relief F). Regulatorand Regulator and low 
low flow meter. flow meter paid for 
are provided by by hospital: £51-50 
the hospital for bullnose 
regulator, £40 low 
flow meter 
approximately 
(2) Portable systems: 
Portables are essential Hospital consultant Allportablesystems Hospital covers all 
to avoid mother and (choice of equipment are provided for by the portable system 
child becoming depends on its the hospital. costs 
housebound availability) Nothing is available 
on prescription 


(A) Hospital ‘C’ or 
‘D’ cylinder: pin 


Pin index regulator 
£69-15, low flow 


index regulator, meter £40 

low flow meter 

{B} Sabre AAV low Sabre AAV: 

flow oxygen microcontroller 

treatment £23°65, 

equipment. flow indicator £9-90, 
el No oxygen portable 

0252 334581 multiflow bullnose 


FHSA, Family Health Services Authority. 


1, 1°5, 2;.2°5, 3; 
125L=£165-05, 
230L=£171°95, 
recharging adaptor 
=£33-50; settings 
at lower flows 
available on 
request 


Comments 


A concentrator is 
preferable for the 


- provision of long 


term oxygen 
treatment for 
paediatrics. Family 
also benefit from the 
companies 
maintenance 
support. At present, 
the hospital meets 
the expense of the 
low flow meter. It 
would be preferable 
if it was included in 
the concentrator 
package and funded 
by the FHSA 


Less likely treatment 
choice. Majority of 
patients go home on 
low flows on 
continuous supply 


Cumbersome system. 
Exchange of empty 
for full oxygen 
cylinders at hospital 
pharmacies causes 
practical problems. 
Sometimes not 
negotiable 


Most preferable 
system as refillable 
from domiciliary 
oyxgen cylinders 
at home 
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Papers for publication should be sent to the 
Editors, Archives of Disease in Childhood, 
BMA House, Tavistock Square, London 
WCIH 9JR. Submission of a paper will be 
held to imply that it contains original work not 
being offered elsewhere or published pre- 
viously. Manuscripts should be prepared in 
accordance with the Vancouver style.' The 
Editors retain the right to shorten the article 
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For guidance on ethical aspects refer to the 
editorial in this journal.” All authors must sign 
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implicit in the title of the journal). 
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numerical data but not p values, and 
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lines. 


Archives of Disease in Childhood 1991; 66: 756 


Avoid histograms if possible. -_ 

è Illustrations should be used only when data 
cannot be expressed clearly in any other 
way. When graphs are submitted the 
numerical data on which they are based 
should be supplied. 

è Illustrations should be trimmed to remove 
all redundant areas; the top should be 
marked on the back. 

e Patients shown in photographs should have 
their identity concealed or written consent 
to publication should be obtained. 

@ Ultrasound scans or other pictures should 
be arrowed on an overlay to indicate areas 
of interest or should be accompanied by 
explanatory line drawings. 

@ If any tables or illustrations submitted have 
been published elsewhere, written consent 
to republication should be obtained by the 
author from the copyright holder (usually 
the publisher) and the authors. A copy of 
the letter giving consent must be included. 


References 

@ References must be numbered in the order 
they appear in the text and include all 
information (Vancouver style): 


1 Williams W, Sunderland R. As sick. as a 
pigeon—psittacosis myelitis. Arch Dis 
Child 1989;64:1626-8. 

2 Hughes CA. Parenteral nutrition. In: 
Insley J, Wood B, eds. A paediatric vade 
mecum. London: Lloyd-Luke, 1984:60-7. 


è Please note that in the new Vancouver style 
(4th edition, 1991) all authors must be 
given but if the number exceeds six give six 
names followed by et al (instead of three). 

® Abstracts, information from manuscripts _ 
not yet accepted, or personal communica- 
tions may be cited only in the text and not 
included in the references. References are 
not checked by us; authors must verify 
references against the original documents 
before submitting the article. 


pone 


International Committee of Medical Journal 
Editors. Uniform requirements for manu- 
scripts submitted to biomedical journals. 
Br Med F 1988;296:401-50. 

Anonymous. Research involving children— 
ethics, the law, and the climate of opinion. 
[Editorial.] Arch Dis Child 1978;53: 441-2. 


S&S 


Manuscript checklist: 

è Is the entire manuscript double 
spaced? 

è Is there an abstract? 


@ Are the references in Vancouver 
style? j 

® Are the abbreviations spelt out? 

© Are the measurements in SI units? 





Revised June 1991 


ip 


SPECIAL BMA MEMBERS EDITION 


F MIRROR OF 
MEDICINE 


A HISTORY OF THE BM 


a 





The BMJ’s 150 year history has taken it from small beginnings in Worcester as the Provincial 
Medical and Surgical Journal to its current position as a major international medical journal. On the 
way there have been rows, editors’ dismissals, and battles with the BMA and royal colleges as well 
as growing success and authority. In Mirror of Medicine the historian P W J Bartrip provides a 
shrewd and perceptive commentary on the BM]’s progress, placing its history in the context of con- 
temporary events and examining its treatment of many key themes in medical science and society, 


we 


including public health, military medicine, quackery, sex, and the birth of the NHS. He also pro- 
vides pen portraits of some of its most outstanding editors, among them the charismatic Ernest 
Hart, his successor Dawson Williams, and the doughty Hugh Clegg. The BMJ's present editor, 
Stephen Lock, provides a postscript on the state of the BMJ today. 


352 pp., illus., Clarendon Press/BMJ, September 1990 


Price to BMA members only: UK £29; Abroad £33. Prices include packing and postage, by air speeded despatch abroad (air mail 
rates on application}. American Express, Mastercard, Visa credit cards accepted. Please give full details. 


Return address for orders: British Medical Journal, PO Box 295, London WCIH 9TE. (Also available in the BMJ/BMA bookshop 
in BMA House.) 








Calculate with confidence 
CIA software 


Confidence Interval Analysis (CIA) is a computer program that takes the sweat out of 
calculating confidence intervals. Devised by Martin Gardner, professor of medical 
statistics, MRC Environmental Epidemiology Unit, University of Southampton. The 
program is menu driven with easy access to each chapter and to the method required 
within each chapter. Topics covered include calculating confidence intervals for: 


e means and their differences 

e proportions and their differences 
e regression and correlation 

e non-parametric analyses 


For each method relevant intermediate statistics and the required confidence interval are 
produced on the screen. Complete with its own manual, the program may also be used in 
conjunction with the book Statistics with Confidence, which provides numerous worked 
examples. The software is available for IBM compatibles on either a 54,” or a 34,” disk. 


Price: £65.00. Educational establishments, research institutes, and the 
NHS — £45.95. Prices include VAT in the UK and air mail despatch abroad. 


The book Statistics with Confidence - Confidence intervals and statistical guidelines 
is available price £7.95 in the UK and £9.50 abroad (BMA members £7.45 and £9.00, 
respectively) 


+ 


ORDER FORM BRITISH MEDICAL JOURNAL, PO Box 295, London WC1H 9TE, England 
Please send me .......... copy/copies of Confidence Interval Analysis (CIA) at £65.00 (full price) or 
£45.95 (educational establishments, research institutes, and the NHS). 

Size of disk required O 5,” disk O 31,” disk (please tick relevant box) 


Please send me .......... copy/copies of Statistics with Confidence - Confidence intervals and statistical 
guidelines at UK £7.95 and abroad £9.50 (BMA members £7.45 and £9.00 respectively) 


I enclose ................. (please make cheques payable to British Medical Journal) or debit my credit card 


O American Express O Mastercard TO Visa CardNo. [I II TITIITITITITITIJF 


(ArdExpuy Date een SSAC nee er 
BMA Membership No. (where applicable) a Re an ten AAA E 
NAME BESCKLETTERSPLEASE, na een ee essen nee 
ADDRES Soonsein se ee a a E ne el 


DEEP ERE HEHHE ED ER ERERTET TEURER EEE ORT TOR ET TRT EE ESSA ASSESS HSHAAHEAHHHHHETERET SETS E EEE LS ES ESSEAEHHHOHHSE VERSE AS ERERLESASSESEEAT HEHEHE HEHEHE RESP ERERERBR EURER FTD DROHT TUT ET TETTE ET TER TOTER 





BRITISH PAEDIATRIC ASSOCIATION 
ALLEN & Hanesurys RESEARCH Awarp 











EDITORIAL 
COMMITTEE 


Published by the British 
Medical Association, 
Tavistock Square, London 
WCIH 9JR and printed 
in England by 


The Devonshire Press Ltd, 


Torquay. 


Second class postage paid, 
Rahway NJ. Postmaster: 
send address changes to: 
Archives of Disease in 
Childhood, c/o Mercury 
Airfreight International 
Ltd Inc, 2323 Randolph 


Avenue, Avenel, NH_07001, 


USA. 
ISSN 0003-9888 


ARCHIVES OF 
DISEASE IN 
CHILDHOOD 


The Journal of the British Paediatric Association 


Editors: Bernard Valman, Malcolm Chiswick 

Associate Editors: Derek Johnston, Michael Silverman, Brian Wharton 
Statistical Adviser: Michael Healy 

Technical Editor: Mary Evans 

Editorial Assistant: Jacinta Marshall 


F Cockburn J W Keeling L Polnay 

T J David C R Kennedy P Raine 

M J Dillon S W Lenton P T Rudd 

M E Garralda J K Lloyd J F N Taylor 
H L Halliday H Marcovitch R M Winter 
I M Hann N McIntosh J] E Wraith 

I A Hughes P J Milla Editor, BMJ 


NOTES TO CONTRIBUTORS Papers for publi- 
cation should be sent to the Editors, Archives 
of Disease in Childhood, BMA House, Tavi- 
stock Square, London WCIH 9JR and 
should be prepared in accordance with the 
‘Instructions to authors’ published in the 
January and June issues of the journal. 
Copies of these instructions may be obtained 
from the editorial office on receipt of a 
stamped addressed envelope. 


Medical Journal, Box 560B, Kennebunkport, 
Maine 04046. All inquiries however must be 
addressed to the publisher in London.) 


Subscribers may pay for their subscriptions 
by Access, Visa, or American Express by 
quoting on their order the credit or charge 
card preferred together with the appropriate 
personal account number and the expiry date 
of the card. 


All inquiries regarding air mail rates and 
single copies already published should be 
addressed to the publisher in London. 


NOTICE TO ADVERTISERS Applications for 
advertising space and rates should be made to 
the Advertisement Manager, Archives of 
Disease in Childhood, BMA House, Tavistock 


Square, London WCIH 9JR COPYRIGHT (© 1991 by Archives of Disease 


in Childhood. This publication is copyright 
under the Berne Convention and the Inter- 
national Copyright Convention. All rights 
reserved. Apart from any relaxations permitted 
under national copyright laws, no part of this 
publication may be reproduced, stored in a 
retrieval system, or transmitted in any form 


NOTICE TO SUBSCRIBERS Archives of Disease in 
Childhood is published monthly. The annual 
subscription rates are £127 inland and £140 
overseas (USA $208). Orders should be sent 
to the Subscription Manager, Archives of 
Disease in Childhood, BMA House, Tavistock or by any means without the prior permission 
Square, London WCIH 9JR. Orders can also of the copyright owners. Permission is not 
___be placed with any leading subscription agent required to copy abstracts of paners_or_of 
or bookseller. (For the convenience of readers 

in the USA subscription orders, with or 
without payment, may also be sent to British 


articles on condition that a full reference to 
the source is shown. Multiple copying of the 
contents without permission is always illegal. 





some intants 
are ahead of their time. 





The loudest noise in your 
S.C.B.U. should be the 
sound of babies sleeping 


But how often have you walked 
into the Special Care Baby Unit 
only to be greeted by a wall of 
noise? 


We all know babies nursed in 

incubators need rest — indeed 
most of them should still be in 
he calm of the womb. 
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Cost implications of different approaches to the 
prevention of respiratory distress syndrome 


Miranda Mugford, James Piercy, Iain Chalmers 


Abstract 

Because the incidence of both neonatal respir- 
atory distress syndrome and neonatal mortal- 
ity can be reduced by giving corticosteroids to 
women expected to deliver preterm and by 
giving surfactant to babies at high risk of 
developing hyaline membrane disease, we 
have considered what effects the adoption of 
one or both of these preventive policies would 
have on the costs of neonatal care. We have 
estimated the effects of treatment from over- 
views of the relevant controlled trials, and 
estimated costs from observations of care at 
one neonatal unit. Our results suggest that if 
either of these policies is adopted for all 
babies under 35 weeks’ gestation at a drug 
cost of £150 or less/baby, the overall costs of 
care would be reduced by between I and 10%. 
The cost per survivor would be reduced by up 
to 16% even if the drug cost were to be as high 
as £550/baby. If the policies were to be 


. adopted only for babies under 31 weeks’ ges- 


tation, both policies would result in a reduc- 
tion in cost of between 5 and 16%/survivor, 
although the increased survival resulting from 
the policies would lead to an increase in over- 
all costs for babies of less then 31 weeks’ ges- 
tation of between 7 and 32%. 


Although neonatal intensive care is more cost 
effective than many other widely accepted com- 
ponents of health care,’ it is one of the most 
costly parts of the perinatal health services.” !? 
The costs of caring for babies who require arti- 
ficial ventilation are particularly high,’ ”® and a 
high proportion of these babies have respiratory 
distress syndrome. Interventions that reduce 
the incidence of respiratory distress syndrome 
are clearly desirable because they reduce morbi- 
dity and mortality. In addition, however, they 
may reduce the costs of neonatal intensive care 
both for the health services and for those using 
them. 

There is now strong evidence that the inci- 
dence of respiratory distress syndrome can be 


reduced by at least two prophylactic policies: 
giving corticosteroids to women who are 
expected to deliver preterm, and giving surfac- 
tant to babies judged to be at high risk of 
developing respiratory distress syndrome. We 
are not the first to draw attention to the poten- 
tial economic benefits of these forms of prophy- 
laxis. The potential cost saving from using ante- 
natal corticosteroids was noted in a leading art- 
icle in the Journal of Pediatrics in 1984,'* and it 
was estimated in one of the controlled trials of 
antenatal corticosteroids that prophylaxis had 
more than halved subsequent hospital charges 
in the group that had received the drugs.'? The 
economic consequences of adopting early treat- 
ment with surfactant are less certain, because it 
is clear that the market cost of surfactant will 
be considerable. Although some of the available 
estimates suggest that savings are unlikely to be 
as dramatic as with antenatal corticosteroids,'® 
giving surfactant early to immature infants may 
nevertheless be cost effective.!” 

In this paper we present estimates of the 
likely effects of introducing each of these 
prophylactic strategies on health service costs. 


Materials and methods 

Our aims were to derive estimates from over- 
views of controlled trials of the effects of the two 
policies on respiratory distress syndrome and 
mortality; to observe the costs of care for pre- 
term babies in a unit where mothers did not (at 
the time of the study) routinely receive steroids 
as a prophylactic measure against respiratory 
distress syndrome, and where babies were not 
given surfactant; and, using these two sources 
of data, to predict the expected effect on costs of 
introducing different policies for prevention of 
respiratory distress syndrome in that unit. 


ASSESSMENT OF EFFECTS, OF INTERVENTIONS TO 
REDUCE THE INCIDENCE OF RESPIRATORY 
DISTRESS SYNDROME} 

Prenatal administration of EN 
Estimates of the effects. of Corticosteroids on the 
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incidence of respiratory distress syndrome and 
early neonatal death were derived from an 
analysis of 12 trials of prenatal corticosteroids 
incorporated in the overview reported by Crow- 
ley and her colleagues.'® These trials together 
included a total of 3266 babies judged prenatally 
to have been at increased risk of developing 
respiratory distress syndrome. Although the 
entry criteria for these trials differed in some 
details, most of the babies studied were between 
24 and 34 weeks’ gestational age at birth. 


Early postnatal administration of surfactant 
Estimates of the effects of prophylactic surfac- 
tant were derived from overviews reported by 
Soll.!? 2° The trials included babies of between 
24 and 34 weeks’ gestation (or who were in 
equivalent birthweight categories). The esti- 
mate of the effect of surfactant on the incidence 
of respiratory distress syndrome was based on 
data derived from the 1491 babies who partici- 
pated in the 10 trials in which this outcome was 
reported. The estimate of the effect on the risk 
of death before discharge from hospital was 
based on data derived from 1924 babies who 
participated in a total of 14 trials. 

The methods used in creating the overviews 
have been described more fully elsewhere.*! 
Estimates of the effects of the two interventions 
were derived using a modification of the 
Mantel-Haenszel method,” and have been 
expressed as summary odds ratios with their 
95% confidence intervals (CI). 


ESTIMATION OF COSTS 

Our costing study was carried out at the neona- 
tal unit of the John Radcliffe Maternity Hospi- 
tal, Oxford. The aim of this part of the study 
was to estimate the difference in costs of neona- 
tal care for babies with and without respiratory 
distress syndrome who survived to be dis- 
charged, and also for those who died. These 
costs were estimated for babies admitted to the 
unit during the first half of 1989. The criteria 
for diagnosing respiratory distress syndrome 
were as follows: tachypnoea (more than 60 
breaths/minute), substernal and intercostal 
recession; grunting, disease increasing in sever- 
ity over 24—36 hours, and clinical diagnosis sup- 
ported by radiological appearances. 

To estimate the costs of treating respiratory 
distress syndrome, we estimated the cost at each 
of the levels of care from detailed review of the 
treatment of eight babies admitted during the 
period with a range of gestational ages. Four of 
these babies, with gestational ages of 28, 32, 34, 
and 36 weeks, met the diagnostic criteria for 
respiratory distress syndrome. We then selected 
the casenotes of four control babies, who were 
discharged from hospital at about the same 
time, but who had not developed respiratory 
distress syndrome and were as close in gestatio- 
nal age as we could find (30, 30, 32, and 36 
weeks). 

Procedures noted in the case records were 
costed by observation of care in the neonatal 
unit. One of us (JP) made detailed observations 
of the staffing, equipment, and clinical proce- 
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dures used in the care of newborns in the unit 
during the two months of July and August 
1989. We obtained administrative data about 
the costs of services provided to the neonatal 
unit by the pharmacy, and by the departments 
of pathology, radiology, and physiotherapy. 
Overhead costs were for ward overheads, and 
did not include any element for capital value of 
the building. Details of the costing methods are 
given elsewhere.” From these data we used 
simple algebra to calculate average costs/day of 
care for three levels of care experienced by the 
eight babies in the detailed study: babies hav- 
ing intermittent positive pressure ventilation 
(IPPV), babies given oxygen without IPPV, and 
babies receiving other special care. 

The expected cost of care for the 70 babies 
with gestational ages of less than 35 weeks 
admitted to the unit between 1 January and 30 
June 1989 were calculated from data about the 
average length of stay at each of these levels of 
care, together with cost data from our observa- 
tions about the costs of different levels of care. 
These costs were tabulated by diagnosis of 
respiratory distress syndrome, by whether the 
baby survived to be discharged or not, and by 
gestational age. To avoid the problem of 
measuring the use of resources in more than one 
hospital, we studied only babies born within 
the John Radcliffe Maternity Hospital and not 
transferred elsewhere. 

The costs of steroids and surfactant were esti- 
mated after discussion with pharmacists and cli- 
nical staff. Giving steroids is likely to add rela- 
tively little to the cost of care, as a woman 
admitted to hospital with threatened preterm 
delivery is likely to receive a high level of obstet- 
ric and midwifery care whether or not she is 
given these drugs, thus the marginal cost is 
likely to be the cost of the drug and the mat- 
erials needed to give it. The additional cost of 
giving surfactant to infants at high risk of 
developing respiratory distress syndrome is also 
likely to be low, because it is likely that con- 
tinuous paediatric medical care would anyway 
be required at this stage in the life of these 
babies. The drug cost/dose is considerably 
higher than that for corticosteroids. For this 
‚study we calculated expected costs based on 
high and low estimates of its cost. 

All estimates of financial costs have been 
based on 1989 prices. The estimated value of 
capital equipment used was calculated using 
the method now recommended for NHS 
accounts, using straight line depreciation over 
seven years, with an added annual fixed interest 
charge of 6%. 


ESTIMATING THE LIKELY IMPACT OF INTRODUCING 
MEASURES TO PREVENT RESPIRATORY DISTRESS 
SYNDROME AT THE JOHN RADCLIFFE MATERNITY 
HOSPITAL 

Data were collected from routine sources about 
all the babies of less than 35 weeks’ gestation 
who were born between 1 January and 30 June 
1989 and admitted to the neonatal unit. These 
provided information about whether babies had 
developed respiratory: distress syndrome, and 
whether they had survived to be discharged. To 
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assess the proportion of babies that might 
have benefited from antenatal corticosteroids, 
further data about the length of time between 
the mothers’ admission and their delivery were 
collected from the labour ward delivery book. 

To assess the likely impact of adopting each 
of these prophylactic strategies on the incidence 
of respiratory distress syndrome and death in 
this cohort, we calculated expected numbers by 
applying the typical odds ratios derived from 
the trial overviews to the observed odds of 
occurrence of the two outcomes, using the for- 
mula: 


p- NRTINR) 
1+[R,T/N-R,)] 


Where: R.=expected number with particular 
outcome with prophylactic intervention; N= 
total number of babies; R,=observed number 
of babies with particular outcome without the 
prophylactic intervention; and T=typical odds 
ratio for the effect of the prophylactic interven- 
tion. E 


Results 

EFFECTIVENESS OF PROPHYLACTIC 
CORTICOSTEROIDS AND SURFACTANT 

Table 1 shows typical odds ratios and 95% CI 
for the effects of prenatal corticosteroids and 
early postnatal surfactant on réspiratory distress 
syndrome and on mortality. The 95% CI for 


Table! Effect of prophylaxis with antenatal corticosteroids 
and early surfactant administration on respiratory distress 
syndrome and mortality 


No of No of Typical 95% CI 
trials babies odds 
ratio 


Antenatal corticosteroids:'? 
Respiratory distress 
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the typical odds ratio (the ratio between the 
odds for the intervention and control popula- 
tions) for antenatal corticosteroid administation 
is between 0-41 and 0°60, which means that the 
prophylaxis is likely to reduce the odds of 
respiratory distress syndrome by between about 
60 and 40%. The reduction in the odds of 
respiratory distress syndrome likely to follow 
early administration of surfactant lies between 
about 50 and 25%, because the confidence inter- 
val for the typical odds ratio is between 0°49 and 
0:75. Both prophylactic regimens are also 
associated with a significant and clinically 
important reduction in the risk of death. The 
available data on longer term effects are reassur- 
ing for corticosteroids but not yet available for 
surfactant. !® 


COSTS OF RESPIRATORY DISTRESS SYNDROME 
The detailed costs of caring for babies with and 
without respiratory distress syndrome with 
comparable gestational ages are shown in table 
2. The mean cost of caring for the four babies 
with respiratory distress syndrome (£6554/ 
baby) was about twice that for the four controls 
with similar gestational ages who did not 
develop respiratory distress syndrome (£3265/ 
baby). A breakdown of the costs shows that the 
largest absolute difference in costs is for nursing 
and equipment costs. Although they accounted 
for a smaller part of the total costs, however, 
relative differences in costs were greatest for 
biochemistry, radiology, oxygen, and phar- 
macy. | 
From these data we estimated the costs/day of 
care at each of the three prespecified levels of 
care to be as follows: with IPPV, £272; with 


‚oxygen but no IPPV, £118; and for other care in 


the unit, £102. Based on these costs, table 3 
shows, for the 70 babies included in our study, 
the costs by gestational age group, survival to 


d 12 326 049 04110060 
Barly ee) . discharge, and diagnosis of respiratory distress 
death 12 3266 059 04710075 syndrome. Whether or not they had respiratory 
Fa poa emia ie Admins un distress syndrome, babies who died had 
espiratory distress ; 3 : : : 
„syndrome 1491 061 0-49t00-75 received intensive care throughout their stay in 
eat eiore 3 ie 
te ia I 058. Tanin the neonatal unit. Table 3 shows that the aver 


age cost of care for surviving babies under 31 


Table 2 Differences in detailed cost (£ sterling) of care for four babies with and four without respiratory distress syndrome 


matched for gestational age 


Babies with respiratory 
distress syndrome 


Ratio of costs of 
care for those with 
respiratory distress 
syndrome:those 


Ny Nh BEL 


Babies without respiratory 
distress syndrome matched 





for gestational age without 

Staff: 

Nursing 2736:53 1608-73 17:1 

Medical 962°39 498-24 19:4 

Physiotherapy 32°45 24°61 1-3:1 
Depreciation and running costs of 

equipment, including ultrasound 1172-08 560-44 Zil 
Pathology: 

Biochemistry 227°19 46°25 4:9:1] 

Haematology 117-00 57-00 Zil 

Microbiology 96-00 37:12 2°6:1 
Radiology (including staff and equipment) 388°80 43-20 9°0:1 
Disposable supplies 276°28 158-95 17:1 
Oxygen 88°50 2°25 39°3:1 
Pharmacy (including blood products and 

total parenteral nutrition) 199°65 29-20 68:1 
Overheads (including all ancillary and 

support services) 250:57 191-14 1:3:1 
Total cost/case 65534-00 3265:00 20:1 
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Table 3 Numbers of babies* and costs of care by gestation, development of respiratory distress syndrome, and outcome 


With respiratory distress syndrome 


Total Died 

Estimated cost per baby 

(£, 1989 prices) 
Gestational age (completed weeks): 

<31 6385 1844 

31-34 3872 0 
Total <35 weeks 5667 1844 
No of babies 
Gestational age (completed weeks): 

<3] 20 9 

31-34 8 0 
Total <35 weeks 28 9 


Without respiratory distress syndrome 


Survived Total Died Survived 
10100 4796 “0 4796 
3872 2408 2227 2418 
7478 2635 2227 2649 
ll 4 0 4 
8 38 2 36 
19 42 2 40 


a ag rt sn ut ahnt me Er heelEe ne N En ST a ete 
"Babies less than 35 weeks’ gestation admitted to the John Radcliffe Maternity Hospital neonatal unit between 1 January and 30 


June 1989. 


weeks’ gestation with respiratory distress syn- 
drome was more than twice that for those who 
did not develop respiratory distress syndrome. 
For babies of 31 to 34 weeks’ gestation the cost 
is 60% higher for those with respiratory distress 
syndrome. 

Costs of antenatal corticosteroids are between 
£5 and £11/woman treated. In our calculations 
we have assumed the cost is £7°50. The costs of 
most surfactant preparations are not yet known. 
The costs of a course of artificial lung expanding 
compound (ALEC) are between £700 and £800. 
Another artificial surfactant preparation, 
‘Exosurf, has recently been given a product 
licence for sale in the United States and is being 


marketed at $450/10 ml vial (Wellcome, perso- 
nal communication). Our calculations in this 
paper have used the two extreme values of £100 
and £1000/baby treated. 


IMPLICATIONS OF ADOPTING DIFFERENT 
STRATEGIES TO PREVENT RESPIRATORY DISTRESS 
SYNDROME 

Of the 70 babies with a gestational age of less 
than 35 weeks’ admitted to the neonatal unit 
during the first six months of 1989, 28 (40%) 
had a diagnosis of respiratory distress syn- 
drome. Eleven babies died before discharge 
from hospital. Tables 4 and 5 show, for babies 


Table 4 Numbers with different outcomes and costs of prevention of respiratory distress syndrome: babies <35 weeks’ 


gestation 
Policy No of babies 
Survived Died 
With Without 
respiratory respiratory 
distress distress 
syndrome syndrome 
(1) No antenatal corticosteroid 
or surfactant 19 40 11 
(2) With antenatal 
corticosteroids 12°8 48-7 8-5 
(3) With prophylactic surfactant: 
(A) At £100 16 48-5 5-5 
(B) At £1000 16 48°5 5°5 
(4) Antenatal corticosteroids 
and surfactant for those 
delivered within 6 hours of 
mother’s admission: 
(A) At £100 12°4 50°6 7 
(B) At £1000 12-4 50-6 7 


Cost of Cost of Total costibaby 


Total cost/survivor 
neonatal prevention SSS re 


care (£)* (£) £ Percentage £ Percentage 
change change 
compared compared 
with with 
no policy no policy 

269 085 0 3844 0 4561 0 

240 985 525 3450 —10 3927 -14 

258 646 7099 3795 —1 4119 —10 

258 646 70000 495 +22 5095 +12 

240 157 1870 3458 —10 3842 -16 

240 157 16594 3668 -5 4075 —10 


*Excludes cost of any preventive treatment (corticosteroid or surfactant). 


Table 5 Numbers with different outcomes and costs of prevention of respiratory distress syndrome: babies <31 weeks’ 





gestation 
Policy No of babies Cost of Cost of Total costibaby Total cost/surotvor 
SONG preoennon So ne <a reer 
Survived Died care (£) (£) Percentage £ Percentage 
SE aa change change 
With Without compared compared 
respiratory respiratory with with 
distress distress no policy no policy 
syndrome syndrome 
(1) No antenatal corticosteroid 
or surfactant 11 4 9 146 880 0 6120 0 9792 0 
(2) With antenatal 
corticosteroids 11:4 6'2 64 156 841 180 6542 +7 8912 +9 
(3) With prophylactic surfactant: 
A) At £100 12-1 8-9 3 170 426 2400 7201 +18 8230 —16 
(B} At £1000 12-1 8-9 3 170 426 24000 8101 +32 9258 -5 
(4) Antenatal corticosteroids 
and surfactant for those 
delivered within 6 hours 
of mother’s admission: 
(A) At £100 11:7 67 56 160 630 880 6730 +10 8778 —10 
(B) At £1000 11:7 6°7 56 160630 7180 6992 -14 9120 —?7 





*Excludes cost of any preventive treatment (corticosteroid or surfactant). 
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Figure 2 Estimated numbers of babies with different outcomes with a policy of giving antenatal corticosteroids. RDS, 


respiratory distress syndrome. 


under 35 weeks’ and under 31 weeks’ gestation, 
respectively, the estimated costs for these 70 
babies, firstly given the care that they experi- 
enced (care policy 1), and then for each of three 
policies for the prevention of respiratory dis- 
tress syndrome (care policies 2, 3, and 4). For 
each policy including use of prophylactic surfac- 
tant, separate estimates are made for the upper 
and lower costs of surfactant. 

Of the 70 babies, 16 were delivered within six 
hours of the mother’s admission to hospital. 
Even if the mothers of these babies had been 
eligible to receive antenatal corticosteroids, we 
have assumed that the babies would not have 
benefited, but we have included the costs of 
giving corticosteroids to their mothers. 

Figure 1 shows the observed numbers of 
babies with particular outcomes. Figures 2, 3, 
and 4 show the estimated numbers with diff- 
erent outcomes for three different policies of 
prevention of respiratory distress syndrome: 
firstly, use of antenatal corticosteroids for those 


likely to benefit; secondly, use of early prophy- 
lactic surfactant for all babies; and thirdly, use 
of corticosteroids for those likely to benefit, 
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Figure 3 Estimated numbers of babies with different 
outcomes with a policy of early surfactant administration. 
RDS, respiratory distress syndrome. 
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Figured Estimated numbers of babies with different outcomes with a policy of giving antenatal corticosteroids combined with 
early surfactant administration for those babies delivered within six hours of mother’s admission. RDS, respiratory distress 


syndrome. 


together with early prophylactic surfactant for 
those who were unlikely to have benefited from 
corticosteroids. The expected costs arising from 
adopting each of these different policies for all 
babies under 35 weeks’ gestation, and from 
adopting them only for babies under 31 weeks’ 
gestation, are given in tables 4 and 5. 

The cost of caring for the 70 babies of less 
than 35 weeks’ gestation was estimated to have 
been £269 085. We estimate that the use of 
antenatal corticosteroids for women with gesta- 
tions up to 35 weeks (policy 2 in table 4) would 
have reduced the number of cases of respiratory 
distress syndrome by 28%, and the number of 
deaths by 22%. Given these changes, we esti- 
mate that the costs of caring for the whole 
cohort of 70 babies would have been reduced 
from £269 085 to £240 985, which means a 
reduction in the average cost/baby by 10%; the 
cost/survivor would have been reduced from 
£4561 to £3927, a reduction of 14%. Applied 
only to mothers of babies with gestational ages 
of less than 31 weeks (table 5), prenatal admi- 
nistration of corticosteroids (policy 2 in table 5) 
would increase total costs by 7% because of the 
greater cost of caring for babies of this gesta- 
tional age who would have survived, but this 
policy would have reduced the cost/survivor by 
9%. 

We estimate that early administration of sur- 
factant to babies of less than 35 weeks’ gestation 
(policies 3A and 3B in tables 4 and 5) would 
have reduced the number of cases of respiratory 
distress syndrome by 28%, and the number of 
deaths by half. The only difference between 
policies 3A and 3B is the cost of surfactant 
(costs of prevention in tables 4 and 5). The 
effectiveness is the same, and so the expected 
costs of neonatal care are the same. If the cost of 
surfactant were to be only £100/baby, the 
overall costs for the cohort of 70 babies would 
have decreased from £269 085 to £265 646, that 
is by 1%, and the cost/survivor would have been 
reduced from £4561 to £4119, a reduction of 
10%. If the cost of surfactant were to be as 


much as £1000/baby, the overall costs for the 
cohort of 70 babies would have increased from 
£269 085 to £328 646—that is by 22%—and the 
cost/survivor would have increased by 12%. If 
the policy were applied only to babies of less 
than 31 weeks’ gestation (table 5), the total cost 
of care would have been increased by between 
18 and 32%, depending on the cost of surfac- 
tant, but the cost/survivor would have been 
reduced by 5%, even at the higher cost of 
surfactant. 

If antenatal corticosteroids had been used in 
all the women whose babies were likely to 
benefit and surfactant had been restricted to the 
remaining babies (policies 4A and 4B in tables 4 
and 5) we estimate that, in the case of gestations 
of up to 35 weeks, the number of cases of respir- 
atory distress syndrome and the number of 
deaths would both have been reduced by 36%. 
Once again, the two policies (4A and 4B) differ 
only in the costs of surfactant. At the lower end 
of the range of possible costs of surfactant 
(policy 4A in table 5), the costs of caring for the 
cohort of 70 babies would have been reduced 
from £269 085 to £242 027, that is by 10%. The 
cost/survivor would have been reduced by 16%. 
At the higher end of the range of possible costs 
of surfactant (policy 4B in table 5), the costs of 
caring for the cohort of 70 babies would still 
have been reduced by 5% and the cost/survivor 
by 10%. Applied only to babies of under 31 
weeks’ gestation (table 5), this policy would 
have increased total costs by between 10 and 
14%, but the cost/survivor would have been 
reduced by at least 7%. 


Discussion 

The data we have used to assess the effects of 
prophylactic corticosteroids and surfactant were 
derived from controlled trials involving sub- 
stantial numbers of babies, so our estimates of 
the effects of these policies on respiratory distress 
syndrome and death-are likely to be secure. 
Furthermore, the trials incorporated in the 
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ost implications of different approaches to the prevention of respiratory distress syndrome 


overviews were conducted in a wide range of 
settings and so the results are likely to be widely 
applicable. 

Although based on small numbers of babies 
studied in one neonatal intensive care nursery, 
our estimate that the cost of caring for babies 
with respiratory distress syndrome is double the 
cost of caring for babies of similar gestational 
age without respiratory distress syndrome is 
consistent with previous estimates. A study con- 
ducted in United States found that hospital 
charges for babies who had had respiratory dis-- 
tress syndrome were more than twice those for 
babies who had not developed respiratory dis- 
tress syndrome, a difference which was largely 
accounted for by the increased need for assisted 
ventilation for those with respiratory distress 
syndrome.” These findings are consistent with 
those of a recent Irish study,‘ and are reflected 
in differences in reimbursement used by Medi- 
care in the United States for babies with and 
without respiratory complications of prematur- 
ity.2* The costs/day that we have calculated 
for different levels of care are low in comparison 
to costs estimated by Ryan et al in Leeds.'® 
Several factors may explain this: we excluded 
outborn babies, who had higher costs in the 
Leeds study; secondly, the Leeds study 
included babies having operations and our 
study did not; and, thirdly, the overhead costs 
included in our study were much lower than 
those in the Leeds study. Our estimated average 
treatment costs are comparable with more 
recent data from a study of very preterm babies 
entered into a trial of surfactant treatment in 
Belfast, where the average cost/case was £5888.”° 
Although the absolute costs of caring for babies 
with respiratory distress syndrome may vary 
substantially among health care settings, the 
ratio of costs within centres for babies of 
comparable gestations with and without respira- 
tory distress syndrome (about 2:1) seems not to 
differ widely. 

The organisation of care at the neonatal unit 
that we studied, where babies are moved to a 
different part of the unit when they are weaned 
from the ventilator and do not need intensive 
care, made it relatively straightforward for us to 
estimate the additional costs for babies receiving 
ventilation. This method could not be applied 
in those units where all care, at whatever level, 
is given to the baby in the same place. To esti- 
mate costs in such circumstances would require 
either more intensive work study or the use of 
some algorithm for allocation of costs between 
levels of care. 

We estimated that there would have been a 
10% reduction in the costs of caring for babies 
born at less than 35 weeks’ gestation if antenatal 
corticosteroids had been used to prevent respir- 
atory distress syndrome. Data from the rando- 
mised trials in which resource consequences 
were estimated suggest that our estimate may be 
conservative.’ 7° In our calculations we as- 
sumed that corticosteroids would have affected 
only the incidence of respiratory distress syn- 
drome, yet the available evidence suggests that 
the incidence of both necrotising enterocolitis 
and periventricular haemorrhage would also 
have been reduced.'!? We also assumed that the 
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cost of treating respiratory distress syndrome 
was the same whether or not those babies who 
had respiratory distress syndrome had been 
given any of the possible preventive interven- 
tions. This also seems to be a conservative 
assumption in the light of evidence from those 
trials that have recorded data on severity of dis- 
ease and need for ventilation. 

About 3%. of live births are at gestations of 
less than 35 weeks (S Cole, personal com- 
munication). If the costs of care and incidence 
of respiratory distress syndrome at this hospital 
are typical, the costs of care for babies of under 
35 weeks’ gestation born in England and Wales 
in 1989 would have been around £80m. If, as 
seems likely, antenatal corticosteroids are not 
widely used by British obstetricians for the pre- 
vention of respiratory distress syndrome, the 
potential reduction in neonatal costs could be as 
much as £8m in a year in England and Wales, 
which is more than 1% of the total amount esti- 
mated to have been spent on the maternity 
services.” 

We estimate that routine early administration 
of surfactant to babies born before 35 weeks’ 
gestation would result in a 4% reduction in the 
costs of subsequent care. A detailed analysis of 
hospital charges based on two consecutive trials 
of the prophylactic use of calf lung surfactant 
showed that the total cost of neonatal care, 
excluding the cost of surfactant, was similar for 
babies receiving surfactant and for those who 
did not.!© The overall cost of such a policy will 
depend on the unit cost of surfactant. Our esti- 
mates indicate that the policy would result in 
overall net savings if the cost/baby of surfactant 
is £150 or less. Above this price there would not 
be overall savings, although the cost/survivor 
would still be reduced up to a surfactant cost/ 
baby of £550. Our estimates suggest that res- 
tricting early administration of surfactant to 
babies born at less than 31 -weeks’ gestation 
would increase overall costs while reducing the 
cost/survivor. Analyses of data collected within 
a controlled trial conducted in Canada have 
shown that the cost of caring for babies who 
received surfactant were 27% lower than the 
cost of caring for control babies.'’ The differ- 
ence in average cost/patient was estimated to 
have been $C10 000, which would certainly 
outweight the likely costs of surfactant. 

Although our analyses have not assumed that 
there would be an additional benefit to babies of 
receiving both corticosteroids and surfactant, 
there is some evidence to suggest that this addi- 
tive effect may exist.”? 7? This too, therefore, 
may have led us to underestimate the cost effec- 
tiveness of these policies. 

Our estimates of the changes in costs arising 
from policies to reduce the incidence of respira- 
tory distress syndrome were based on relatively 
small numbers of cases observed in a particular 
unit. Others may wish to apply the approach we 
adopted to data derived from their own units. 
Furthermore, it may turn out to be preferable 
on cost and other grounds to withhold surfac- 
tant until clear evidence has emerged that the 
baby concerned has begun to develop the signs 
of respiratory distress syndrome. A report of a 
recent analysis of babies who had already 
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developed severe respiratory distress syndrome 
and had been entered into a randomised trial of 
surfactant treatment concluded that surfactant 
reduced the cost/survivor. Taking account of 
subsequent neonatal morbidity, the use of sur- 
factant treatment was found to reduce the cost 
of achieving a quality adjusted life year by 
£710.” The relative merits of early surfactant 
prophylaxis compared with surfactant treat- 
ment of babies who have already developed 
respiratory distress syndrome is currently being 
assessed in a number of controlled trials.” In at 


least two trials the relative costs of the alterna- 


tive approaches will be assessed.?! 3? 
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Improvement of outcome for infants of birth weight 


under 1000 g 


The Victorian Infant Collaborative Study Group 


Abstract 

The two year outcome of extremely low birth- 
weight (ELBW) infants (birth weight 500 to 
999 g), born in the state of Victoria over two 
distinct eras, 1979-80 and 1985-7, were com- 
pared. In the 1979-80 era, 25-4% of the ELBW 
infants survived to 2 years of age; only 12-5% 
of liveborn ELBW infants survived to 2 years 
with no neurological disabilities. In the 
1979-80 era, ELBW infants born outide the 
level HI centres in the state were significantly 
disadvantaged in both mortality and neurolo- 
gical morbidity. By 1985-7, the two year survi- 
val rate of ELBW infants rose significantly 
from 25-4% to 37-9%. By 1985-7, the propor- 
tion of ELBW infants who survived to 2 years 
free of neurological disabilities increased 
from 12-5% to 26-2%. Despite the improved 
survival, the absolute number of 2 year old 
children survivors with severe neurological 
disabilities remained constant at 8/year in 
both eras. By 1985-7, fewer ELBW infants 
were born outside the level III centres, their 
survival rate remained lower, but the severe 
neurological disability rate in survivors was no 
longer significantly higher. There has been a 
concomitant improvement in both survival 
and reduction in neurological morbidity. 


For the years 1979-80 in the state of Victoria, 
the survival rate of extremely low birthweight 
(ELBW) infants (birth weight 500 to 999 g) to 2 
years of age was 25°4% (89/351); only 49:4% 
(44/89) of the two year survivors were free of 
neurological disabilities.! At that time, ELBW 
survivors born outside the level III centres had 
not only a lower survival rate, but also a higher 
rate of severe neurological disabilities than those 
born within the level III centres.! 

Since 1980 perinatal care in the state has 
improved, the changes included increasing 
efforts to transfer ELBW infants in utero to one 
of the three level III perinatal centres for birth, 
additional resources for assisted ventilation in 
the four level III nurseries, improved resuscita- 
tion for ELBW infants born outside the level III 
centres, and better care during the transfer of 
ELBW infants after birth to the level III cen- 
tres. With these changes in perinatal care in 
mind, it was important to determine whether 
the outcome for ELBW infants had improved. 
Hence another comparable cohort, comprising 
all ELBW liveborn infants in the state of Vic- 
toria during 1985-7 (inclusive), was followed up 
prospectively to 2 years of age, corrected for 
prematurity. 

The aim of the present study was to compare 


the two year outcome of infants born during 
1979-80 and 1985-7 to determine the following: 
(1) if the survival rate had improved, (2) 
whether there was any important change in the 
neurological impairment and disability rates in 
survivors, and (3) whether the infants born out-. 
side level III centres continued to be disadvan- 
taged. 


Methods 
In the state of Victoria, Australia, in the years 
1979-80, 351 of 115 973 (0°303%) liveborn 
infants were ELBW; full details of the ascer- 
tainment of ELBW infants in the years 1979-80 
were obtained from multiple sources, and the 
results to 2 years of age have been published.' 
In the three years 1985-7 in the state, 560 
of 182 719 (0°306%) liveborn infants were 
ELBW.? 
For the years 1985-7 data were again 


‘obtained from multiple sources, including the 


Victorian Perinatal Data Collection Unit, cre- 
ated early in the 1980s; this unit receives basic 
information on all births in the state, with link- 
age to death certificates. The legal requirement 
in the state is to register all liveborn infants 
(with a heartbeat or any respiratory movements) 
irrespective of birth weight or gestational age. 
Data were cross checked from each of the four 
level III neonatal centres in the state, as well as 
the Newborn Emergency Transport Service.? 
The level III centres collaborated in the follow 
up programme of surviving children, all but one 
of whom had spent at least some of their hospi- 
tal stay in a level III centre. The techniques of 
obstetric and neonatal care were similar to those 
described for the earlier cohort, but the 
increased availability of resources for intermit- 
tent positive pressure ventilation in the latter 
era enabled more liberal use of this technique, 
particularly for those infants of birth weight less 
than 800 g. There were no other major differ- 
ences in perinatal care between the two cohorts; 
in particular, artificial surfactant and high fre- 
quency ventilation were unavailable. 

All available children were seen at the age of 2 
years, corrected for prematurity, by teams in 
three of the four level III centres. Some children 
(n=4), living in other states, were unable to 
attend but were examined by equivalent person- 
nel in their home state and the results for- 
warded to the investigators. The children were 
first assessed by the psychologist, using the 
Bayley scales of infant development.* Alterna- 
tive psychological tests were used occasionally, 
for some blind children, for children not 
assessed until after 30 months’ corrected age, 
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or for some children assessed in other states. 
The paediatrician examined the children 
using a standardised developmental assessment 
and arranged audiological and visual examin- 
ations of children who had not previously been 
assessed. Most members of the assessment 
teams, including all of the psychologists, were 
unaware of the neonatal course of the children, 
and had not been involved in their neonatal 
care. 

The criteria for diagnosing cerebral palsy 
have been previously reported.” Disabilities 
caused by neurological impairments were gra- 
ded into categories of decreasing severity: 
severe, moderate, mild, and nil. Severe disabili- 
ties comprised any of bilateral blindness, cere- 
bral palsy in children unlikely ever to walk, and 
a mental developmental index on the Bayley 
scales 2SD or more below the mean (<69) (or 
2SD or more below the mean for an alternative 
psychological test). Moderate disability compri- 
sed cerebral palsy in non-ambulant children 
who were likely to walk or sensorineural deaf- 
ness requiring amplification. Mild disability 
comprised cerebral palsy in ambulant children, 
or a mental developmental index between 1SD 
and 2SD below the mean (69 to 84) or 1SD 
to 2SD below the mean of an alternative psycho- 
logical test. Children who did not meet the 
above criteria were considered to have no dis- 
ability. Children from the 1979-80 cohort had 
their disabilities reclassified from those pre- 
viously published! to match the 1985-7 
cohort. 

Data were edited, then analysed by computer 
using SPSS-X package programs. Differences 
in proportions were contrasted by x” analysis; 
odds ratios and 95% confidence intervals (CI) 
were calculated. Means were compared by 
t test. To adjust for birthweight discrepancies, 
survival and disability rates between groups 
were contrasted in 100 g birthweight subgroups 
by Mantel-Haenszel x?.” Rates of neurological 
disabilities in ordered categories were compared 
by Mann-Whitney U test.’ 


Results 

For the years 1985-7, inclusive, there were 560 
liveborn infants with birth weights recorded 
between 500 to 999 g in the state of Victoria. 
Two of the livebirths were transferred from 
their level I hospital in the country soon after 
birth to a level III nursery in another state, but 
both died. Their outcome is included in this 
report. The remaining infants were all cared for 
within the state. 

The multiple sources of data proved invalu- 
able in identifying all known livebirths and 
verifying the accuracy of the data, paticularly 
birth weight and inhospital survival. No single 
source of data was error free. Up to 4% of live- 
births, most of whom died, would have been 
missed if only one source of data had been relied 
Upon. 

Fewer ELBW infants were born outside of 
the level III centres in 1985-7 (23:0%, 129/560) 
compared with 1979-80 (302%, 106/351) (odds 
ratio 0°69, 95% CI 0:51 to 0:93, y?=54, 
p=0'02). 
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SURVIVAL TO 2 YEARS OF AGE 

For 1985--7, 217 of 560 (38°7%) ELBW infants 
survived their primary hospitalisation; five sub- 
sequently died before the age of 2 years, three 
from sudden infant death syndrome. Overall, 
almost 50% more ELBW infants born in 1985-7 
survived to 2 years’ corrected age (37°9%, 212/ 
560), compared with 1979-80 births (25-4%, 
89/351) (odds ratio 1:76, 95% CI 1-32 to 2°33, 
y?= 14-7, p<0-001). The survival rate rose with 
increasing birth weight (figure). The improved 
survival rate in 1985-7 was not explained by 
a more favourable birthweight distribution, 
however, as the survival rate was better within 
each 100 g birthweight subgroup and remained 
significantly higher after adjusting for birth- 
weight (odds ratio 2°01, 95% CI 1:47 to 2°76; 
Mantel-Haenszel y?=18-3, p<0-0001). 

The survival rate was higher in level III cen- 
tre births compared with those born in level I or 
level II centres in both eras (1979-80, level III 
centre births 29-0%, 71/245; level I or level II 
centre births 17:0%, 18/106; odds ratio 1-88, 
95% CI 1-12 to 3°17, y7=5-0, p<0-05; 1985-7, 
level III centre births 448%, 193/431; level I or 
level II centre births 14°7%, 19/129; odds ratio 
3.6, 95% CI 2-4 to 5:4, y7=36°8, p<0-0001). 
The survival advantage for those born in the 
level III centres remained after adjusting for 
birthweight distribution (1979-80 odds ratio 
1:94, 95% CI 1-10 to 3-41; Mantel-Haenszel 
y7=4°6, p<0-05; 1985-7 odds ratio 3:7, 95% 
CI 2°3 to 60, Mantel-Haenszel y?=26’2, 
p<0-°0001). 
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Two year survival and neurological disability rates/livebirth 
in 100 g birthweight subgroups for ELBW livebirths in the 
state of Victoria. This figure compares two eras, 1979-80 
(left half of each bar) with 1985-7 (right half of each bar). 
Sample size is displayed at the top of each column. 
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Only one infant, born in a level I or level II 
_ unit remained there and survived; he was born 
in 1987, the smaller of discordant twins, birth 
weight 920 g and gestational age 33 weeks. At 2 
years of age he was mildly disabled. 

During 1985-7, 49 of 129 (38°0%) of level I or 
-level II births were transferred after birth to a 
level III centre; 36:7% (18/49) of transferred 
infants survived to 2 years, a survival rate not 
significantly different statistically from the 
44:8% survival rate of level III centre births 
(odds ratio 0°72, 95% CI 0°40 to 1-31). The 
average birth weight of the level I or level- II 
births who were transferred was 817 g; the aver- 
age birth weight of those remaining in the level I 
or level II centres was 681 g. 


NEURODEVELOPMENTAL OUTCOME AT 2 YEARS 
OF AGE 

In the 1979-80 cohort, 83 of 89 (933%) chil- 
dren were assessed at 2 years’ corrected age by 
the research team; alternative professional 
reports were available on the remaining six chil- 
dren. For the 1985-7 cohort, 206 of 212 (97°2%) 
children were assessed when aged at least 21 
months; alternative professional reports were 
available on another four; one child was fully 
assessed at 14 months only and one was 
untraced, having progressed normally up to 14 
months of age. Survivors had similar gestational 
ages and birth weights in both eras (mean (SD) 
gestational age (completed weeks): 1979-80, 
27:1 (2-4); 1985-7, 27°2 (2:0); mean (SD) birth 
weight (g): 1979-80, 871 (85); 1985-7, 866 
(88)). Significantly more children who survived 
in the latter era had received intermittent posi- 
tive pressure ventilation, 77 of 89 (86°5%) in 
1979-80 compared with 188 of 196 (95°6%) in 
1985-7 (y7=6°9, p=0'009); marginally more 
infants in the latter era had birth weights 
under the 10th centile (11 of 89 (12°4%) and 44 
of 196 (22-4%) respectively; p=0-06, not 
significant). There were no significant differ- 
ences in the distribution in the earlier and later 
eras of the number of multiple births (seven and 
28), males (41 and 89), major malformations 
(none and three) and the highest oxygen re- 
quirement over 30% (17 and 30). Sociodemo- 
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graphic data for the survivors were also similar 
(mean (SD) maternal age in years: 1979-80, 
28-4 (4:7); 1985-7, 28°6 (5-2); mother born in a 
country with English the major language: 
1979-80, 71%; 1985-7 80%; mother with less 
than 10 years schooling: 1979-80, 31%; 1985-7, 
21%; and social class-—professional, skilled, or 
semiskilled: 1979-80, 60%; 1985-7, 59%). 

The rates of sensorineural impairments in the 
two cohorts are contrasted in table 1. The rates 
of cerebral palsy, blindness, deafness, and 
severe developmental delay were all lower for 
the 1985-7 era compared with the 1979-80 era, 
but none of the individual reductions were sig- 
nificant. The mean mental developmental index 
was significantly higher in 1985-7 (t=—3°94, 
p<0-0001). 

In the figure the neurological disability rates/ 
livebirth are illustrated for each era relative to 
birth weight. Overall, the disability rates/ 
livebirth were similar for both eras, whether 
just severe disabilities or all disabilities were 
compared (table 2). On the other hand, the sur- 
vival rate free of any disability was substantially 
higher in 1985-7 (26°2%, 147/560), more than 
doubling that in 1979-80 (12°5% 44/351) (odds 


Table 2 Neurological disabilities caused by sensorineural 
impairments in surviving 2 year old children 


1979-80 1985-7 
Livebirths 560 
No (%) of two year survivors 89 (254) 212 (37:9) 
No with no neurological disabilities: 44 147* 
Rate per livebirth (%) . 12°5 26°2 
Rate per survivor (%) 49-4 69-3 


No with neurological disabilities: 
Total 45 64 
Rate per livebirth (%) 
Rate per survivor (%) 


Rate per livebirth (%) 

Rate per survivor (%) 
Moderate 

Rate per livebirth (%) 

Rate per survivor (%) 
Severe 

Rate per livebirth (%) 

Rate per survivor (%) 

No (%) lost to follow up 
Per livebirth 
Per survivor 
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ae child with mild hemiplegia was considered to have no 


disability. 
+Free of neurological disabilities and deve normally when 
last seen at 14 months of age. 


Table 1 Sensorineural impairments in surviving 2 year old children 


1979-80 1985-7 Significance 

Livebirths 351 
No (%) of two year survivors 89 (25:4) 212 (37-9) p<0-001 
No (%) with cerebral palsy:* 12 (13°5) 15 (7-1) 

Spastic hemiplegia 6 

Spastic diplegia 4 

Spastic quadriplegia 2 

Spastic monoplegia 0 

Ataxic 1 

Other 2 
No (%) with bilateral blindness* (6°7) 9 (4-2) 
No (%) with severe sensorineural deafness*} (3-4) 1 (0-5) 
MDI (2 years);} 

No of children 79 

Mean (SD) MDI 88-1 (19-3) 98-6 (20:1) t=—3-94, p<0°0001 

No (%) with MDI <69 12 (13°5) 12 (5:7) 

No (%) with MDI 69-84 23 (25-8) 28 (13-2) 


No (%) with other psychological test 2 SD or more 
below mean 
No (%) lost to follow up 


*% Survivors. 
+Requiring amplificatio 


3 (1°4) 
1 (0°5) 


+Mental dadol tda (MDI) on the Bayley scales of infant development. 
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ratio 2°29, 95% CI 1:65 to 3°17, x?=23'7, 
p<0-0001). 

Overall, with survivors as the denominator 
and excluding one child in 1985-7 not assessed, 
disabilities were substantially lower in 1985-7 
compared with 1979-80 (Mann-Whitney U test, 
Z=3'25, p<0-002), but the rates of severe disa- 
bility were similar in those born in the level III 
centres (1979-80, 9°9% (7/71); 1985-7, 12:0% 
(23/193)). In level III survivors, there was a 
trend overall to fewer disabilities in 1985-7 (in 
1979-80: 39 with none, 21 mild, four moderate, 
and seven severe; in 1985-7: 133 with none, 33 
mild, three moderate, and 23 severe; Mann- 
Whitney U test, Z=1'84, p=0-066). In con- 
trast, in survivors born in level I or level IJ cen- 
tres, there was a substantial fall in disability 
rates overall in 1985-7 (in 1979-80: five with 
none, four mild, and nine severe; in 1985-7: 14 
with none, four mild, and one severe; Mann- 
Whitney U test, Z=3°14, p<0°002), as well as 
in severe disabilities alone (1979-80, 50% (9/ 
18); 1985-7, 5-3% (1/19), y7=7°2; p<0°01; odds 
ratio 0°11, 95% CI 0°026 to 0°46). 

In the 1979-80 cohort severe disability was 
significantly more prevalent in surviving chil- 
dren born in level I or level II centres compared 
with those born in the level III centres (50-0% 
(9/18) compared with 9-9% (7/71), respectively, 
odds ratio 14°8, 95% CI 3°9 to 56°3, y7=13°1, 
p<0-001). Within the 1985-7 era, the severe 
disability rate for those born in level I or level I 
centres was no longer higher than that for those 
born in the level III centres (5°3% (1/19) com- 
pared with 12:0% (23/192), respectively, odds 
ratio 0°52, 95% CI 0°12 to 2°27). 


Discussion 

The improved outcome in the more recent 
cohort is unlikely to be due to socioeconomic 
factors, as measured by social and ethnic status 
and duration of maternal education; neonatal 
risk factors had not decreased in frequency 
(male sex, small for gestational age infants, 
multiple births, high oxygen requirement, use 
of ventilation, and major malformations). There 
is a well recognised secular trend for improve- 
ment in psychological test scores over time”; the 
increase in mean mental developmental index of 
over 10 points with only five years separating 
the two cohorts is too large to make this a likely 
explanation. Changes in perinatal care practices 
are the most likely reason for Improvement, 
although the relative importance of individual 
components remains uncertain. 

One of the aims of follow up programmes ts 
to detect potentially avoidable perinatal events 
that are associated with adverse outcomes, such 
as death or neurological disability. Having iden- 
tified an avoidable perinatal event, it is impor- 
tant to take steps to improve the outcome. In 
our earlier report of the 1979-80 cohort, it was 
clear that ELBW infants born in level I or level 
II centres had not only a higher mortality rate, 
but also a higher rate of severe neurological dis- 
abilities in survivors. Educational efforts to 
improve the early identification of the impend- 
ing birth of ELBW infants, and their transfer in 


utero to one of the three level III perinatal cen- ` 
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tres in the state, had begun in the mid-1970s"°; 
these efforts were intensified when the results 
of the 1979-80 cohort became available. 
The observation of proportionately fewer 
ELBW infants being born in level I or level II 
centres in 1985-7 compared with 1979-80 
would suggest that the efforts have been 
successful. 

It will never be possible to have all ELBW 
infants delivered in level III centres, as some 
women will present too late to allow sufficient 
time for their safe transfer before delivery. Edu- 
cational efforts promoted the prompt transfer 
whenever possible of ELBW infants born out- 
side level III centres. Whatever criteria have 
determined whether or not an infant born in a 
level I or level IJ nursery was transferred to a 
level III centre after birth, obviously those 
selected for transfer have had a better prog- 
nosis, as indicated by their higher average birth 
weight and have survived at a rate approaching 
that of infants born in the level III centres. Only 
one surviving ELBW infant, born in 1987, was 
cared for entirely outside a level III centre. 

For the remaining ELBW infants born in 
level I or level II centres in 1985-7, it is prob- 
able that their immediate care has improved. 
There are more paediatricians who have 
recently trained in level III centres available to 
attend deliveries, and on average referrals were 
made more quickly; a concerted educational 
programme, available to level I and II personnel 
was probably another important contributor to 
improved outcome. Moreover, care during 
transfer to a level III centre has improved, parti- 
cularly the ability to monitor transcutaneous 
oxygen tension continuously. 

In the diagnostic field, cranial ultrasound was 
not widely available in 1979-80 compared with 
1985-7, although computed tomography was 
available in both eras. In 1985--7, however, ven- 
tilator support was sometimes withdrawn (after 
extensive discussion with parents) if a major 
intracranial haemorrhage was diagnosed. 

The improved survival of ELBW infants in 
the more recent era was not due to a more 
favourable distribution of birth weight; lack of 
detailed information on some infants, born and 
dying outside level III centres in 1979-80 pre- 
cluded a more detailed analysis. The increased 
number of ELBW survivors in the latter era is 
predominantly due to an increased survival rate; 
there has been a 5% increase in all livebirths 
over time with only marginal increase in the 
percentage of ELBW livebirths (0°303% and 
0°306%).! ? 

Of all the innovations in perinatal care in 
recent times, the ability to assist the ventila- 
tion of ELBW infants has probably been the 
most important in improving their survival. 
Although ELBW infants comprise only 0°3% of 
livebirths, they consume more than 50% of ven- 
tilator resources. By 1985-7, the resources 
available for assisted ventilation had been 
increased substantially by the health care pro- 
viders in the state. The increase in resources 
meant that more ELBW infants could be 
offered assisted ventilation and their survival 
rate rose in parallel. The improvement in the 
outcome for ELBW infants in the state has not 


ix 


provement of outcome for infants of birth weight under 1000 g 


come cheaply, but aspects of the costs in 
resources are beyond the scope of this report. 

Another aim of follow up programmes is to 
provide accurate data on long term prognosis. 
Of necessity, there must be some delay between 
birth and final outcome. Hence, even the cur- 
rent report relating to 1985-7 births. is already 
up to five years out of date. Nevertheless, it pro- 
vides the most recent data with which to relate 
prognosis to birth weight. It is important to 
note that the outcome for ELBW infants has 
improved since the 1970s in our state, not only 
their survival rate, but also regarding long term 
neurological outcome. In particular, there has 
been no increase in the absolute number of 
ELBW children surviving with severe neurolo- 
gical disabilities, yet there have been more than 
double the number of children surviving free of 
any disabilities. 

Our results differ somewhat from others con- 
trasting the outcome over time of ELBW 
infants born within the era of modern intensive 
care. In a geographically defined study like 
ours, Saigal et al reported the outcome of infants 
of birth weight 501. to 1000 g within the central 
west region of Ontario in Canada, comparing 
births during 1977-80 with those during 1981- 
4.11 In their study survival rates to hospital dis- 
charge were unchanged (46% and 48%, respec- 
tively). Children were assessed at 3 years’ cor- 
rected age, but did not have formal develop- 
mental or intellectual testing. In survivors, 
neurosensory impairment rates (24% and 17%, 
respectively) and severe functional disability 
rates (45% and 41%, respectively) were simi- 
lar, although there was a significant reduction in 
all functional disabilities (50% to 27%, respec- 
tively). In a further contrast with our study, Sai- 
gal et al reported the survivors born in a level I 
or level II centre continued to have more neuro- 
logical impairments in their latter era (level I or 
II survivors 37%; level III survivors 14%)."! 

In an earlier study, Saigal et al reported the 
outcome of survivors of birth weight 501 to 
1000 g born to residents of the Hamilton- 
Wentworth County alone, not the whole central 
west region of Ontario’; they compared those 
born in 1973-6 with those born in 1977-80. 
Survival rose from 23:7% to 48:8% and the rate 
of functional disability in survivors remained 
unchanged (55°6% and 52°6% respectively). 
Results were not reported separately for infants 
born to residents of Hamilton-Wentworth 
County alone in 1981-4,'! but it is probable 
that, in comparison with those born in 1973-6, 
both mortality rates and functional disability 
rates would have fallen over time as in our 
study. 

In a single hospital study reported by Hack 
and Fanaroff the outcome for infants with birth 
weights <750 g born between July 1982 and 
June 1985 was compared with those born 
between July 1985 and June 1988.'? Survival 
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rates were almost identical (20% and 18%, 
respectively); the apparent change in moderate/ 
severe neurological impairment rates (22% to 
50%) between the two eras was not significant. 
Hoffman and Bennett reported their tertiary 
centre’s experience for infants with birth 
weights <800 g admitted to their intensive care 
nursery; over time, the survival rate rose from 
20% to 36%, but the survivors had more severe 
neurological impairments.'* Our results are 
more like those of Kilbride et al who, in a single 
hospital study, reported that both mortality and 
disability rates were lower in infants of birth 
weight 401 to 800 g born in 1983-5, compared 
with those born in 1980-2.) In our cohort, both 
survival and neurological outcome improved in 
the latter era for children with birth weights 
<800 g (figure). 

In our geographically based study, as perina- 
tal care has improved over time and as the 
resources available to assist ventilation have 
increased, the outcome for ELBW infants has 
improved, with substantially lower two year 
mortality and neurological morbidity rates. 
Further geographically based studies will be 
needed to assess the impact of any future 
changes in perinatal care. 
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Multicentre randomised controlled trial of high 
against low frequency positive pressure ventilation 


Oxford Region Controlled Trial of Artificial Ventilation (OCTAVE) Study Group 


Abstract 

A total of 346 infants aged <72 hours were 
randomly allocated to be treated either by 
high frequency positive pressure ventilation 
(HFPPV; rate fixed at 60/minute throughout 
treatment and initial inspiratory:expiratory 
(I:E) ratio 1:2, increased to 1:1 if necessary) 
or by low frequency positive pressure ventila- 
tion (LFPPV; rate <40/minute and initial I:E 
ratio usually 1:1, both decreasing during 
weaning). The main hypotheses were that 
HFPPV reduces pneumothorax, chronic lung 
disease and death before discharge in all 
infants, as well as those with hyaline mem- 
brane disease, and that it reduces the inci- 
dence of later neurodevelopmental complica- 
tions in infants of <33. weeks’ gestation. 
Among all the infants the rate of pneu- 
mothorax was 19% in the HFPPV group and 
26% in the LFPPV group (p=0-13; odds ratio 
0-7, 95% confidence intervals (CI) 0-4 to 1-1); 
there was no difference in mortality or the 
incidence of chronic hing disease. In infants 
of <33 weeks’ gestation there were no differ- 
ences in adverse neurodevelopmental out- 
comes. Among the subgroup of 237 infants 
with hyaline membrane disease, median frac- 
tional inspired oxygen at the time of entry to 
the trial was 0-6 in the HF PPV group and 0-7 
in the LFPPV group, indicating that many had 
moderately severe disease. In patients with 
hyaline membrane disease HF PPV was asso- 
ciated with a lower rate of pneumothorax 
(18% in the HF PPV group compared with 33% 
in the LFPPV group, p=0-013, odds ratio 0-5, 
95% CI 0-3 to 0-8), with no differences in mor- 
tality, or in duration of intubation or supple- 
mentary oxygen in survivors. As used in this 
study, HFPPV was the preferred ventilator 
regimen for infants with hyaline membrane 
disease. 


Artificial ventilation for newborn infants has 
been associated with substantially increased 
survival.'* The risks of pneumothorax? ® and 
chronic lung disease’ seem to have increased, 
however, and the question of which methods of 
artificial ventilation are safest remains 
controversial.’ ? 


Members of the OCTAVE Study Group included: John Radcliffe 
Maternity Hospital: AR Wilkinson, P Cadman, WO Tarnow- 
Mordi (trial coordinator). Wexham Park and Heatherwood Hos- 
pitals: J Cowen, J Pearce. Milton Keynes Hospital: V Joss. 
Wycombe General Hospital: C Cheetham, H Fleet. Kettering 
General Hospital: A Mukhtar. National Perinatal Epidemiology 
Unit, Oxford: D Elbourne, A Grant, I Chalmers. Oxford Region 
Child Development Project: A Johnson, R King. Department of 
Community Medicine, Ninewells Hospital and Medical School: 
S Ögston. 


Until recently most ventilator regimens used 
in the United Kingdom specified rates of <40/ 
minute.” Several studies, some uncontrolled,'* 
12 one in which treatment regimens were allo- 
cated alternately,'” and one that was randomly 
controlled,'* have suggested that higher ventila- 
tor rates (260 cycles/minute) may reduce the 
incidence of pneumothorax. These studies did 
not, however, always describe outcomes in 
hyaline membrane disease (the main cause of 
neonatal respiratory illness) and were too small 
to assess the effects of the ventilator regimen on 
mortality or the incidence of chronic lung dis- 
ease. We therefore undertook a randomised 
controlled trial in which the following hypoth- 
eses were tested: compared with low frequency 
positive pressure ventilation (LFPPV) at 20-40 
cycles/minute, high frequency positive pressure 
ventilation (HFPPV) at 60 cycles/minute 
reduces the incidence of pneumothorax, the 
number of deaths before discharge from hospi- 
tal, and the incidence and severity of chronic 
lung disease in survivors, in infants of all 
diagnostic categories as well as in infants with 
hyaline membrane disease alone; and reduces 
long term neurodevelopmental impairment and 
disability in surviving infants of less than 33 
weeks’ gestation. 


Patients and methods 

The study was conducted between October 
1983 and September 1986 in six hospitals in the 
Oxford health region. The study design was 
approved by the ethics committees of all partici- 
pating hospitals. Formal parental consent for 
entry to the trial and random assignment to 
HFPPV or LFPPV was not sought because ven- 
tilator frequencies of 20-60 cycles/minute or 
more were already in use in the hospitals. 
(Copies of a submission to the Central Oxford 
Research Ethics Committee are available on 
request.) Parents were seen as soon as possible 
during the 48 hours after birth, given an infor- 
mation leaflet, and encouraged to ask questions 
at any time. No parents asked that the allocated 
regimen be changed, but had any done so we 
would have respected their wishes, providing 
that there were no clinical contraindications. 


ELIGIBILITY AND TRIAL ENTRY 

Infants were eligible if they were <72 hours old, 
if they were receiving positive pressure ventila- 
tion by endotracheal tube at >20 cycles/minute, 
if there was no sign of meconium aspiration, 
and if a Sechrist IV 100B ventilator was avail- 
able. With the possible exception of meconium 
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aspiration, precise respiratory diagnoses are not 
always apparent when mechanical ventilation is 
begun during the first few hours of life. Apart 
from meconium aspiration, therefore, the trial 
was open to all babies who met the entry criteria 
regardless of the indications for mechanical ven- 
tilation. 


TRIAL ENTRY AND RANDOM ALLOCATION OF 
VENTILATOR REGIMEN 


The trial was coordinated from the intensive 
care nursery at the John Radcliffe Maternity 
Hospital. Random assignment of ventilator 
management to LFPPV or HFPPV was done 
after admission by opening the next sealed, 
opaque, serially numbered envelope held in a 
box at the nursing station. Staff at the other five 
participating hospitals telephoned the neonatal 
unit at the John Radcliffe Hospital for each 
baby’s treatment allocation. The randomisation 
was stratified by clinical centre only. 


DIAGNOSTIC CRITERIA FOR HYALINE MEMBRANE 
DISEASE 

Hyaline membrane disease was diagnosed if an 
infant had chest wall retractions and a radio- 
graph showing reticulogranular densities or a 
‘ground glass’ appearance, or diffuse opacifica- 
tion with air bronchograms, and required 
supplementary oxygen increasingly during the 
first day and supplementary oxygen was 
required for at least 72 hours, reaching at least 
30%. 


TRIAL MANAGEMENT 

Ventilator rates, inspiratory:expiratory (I:E) 
ratios, gas flow rates, and the recommended 
plan of management are shown in the Appen- 
dix. No infant received surfactant. In each reg- 
imen, the ventilator pressures initially chosen 
were those that produced adequate expansion of 
the chest wall. Subsequent ventilator settings 
were adjusted to maintain blood gas tensions 
within the range: arterial oxygen tension (Pa0;) 
6°7-10°7 kPa (50-80 mm Hg), arterial carbon 
dioxide tension (Paco) 4-6 kPa (30-45 mm 
Hg), and pH 7:25-7:45. Pancuronium was 
reserved for infants who were considered to be 
struggling excessively against the ventilator.’ 
Mean airway pressure was measured electroni- 
cally at the proximal airway, with a Sechrist 
APM or an Insight 2000 monitor, or by needle 
gauge manometers (PP Electronics) connected 
to the proximal airway by a high resistance res- 
trictor device. 


CRITERIA FOR RELAXATION OF ALLOCATED 
VENTILATOR MANAGEMENT 

The allocated regimen could be relaxed if any of 
the following criteria were met: poor gas 
exchange defined as Pao, <6°7 kPa (<50 mm 
Hg) despite fractional inspired oxygen (F102) 
>0°95 and mean airway pressure of 17 cm 
H,O, or Paco, >7'3 kPa (>55 mm Hg) 
despite using the maximum recommended ven- 
tilator rate at a mean airway pressure of 17 cm 
H,O; recurrent pneumothorax, defined as the 
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insertion of two or more chest drains to treat 
pneumothorax; or chronic ventilator depen- 
dence, defined as still receiving mechanical ven- 
tilation at 28 days of age. 

Before relaxing planned management because 
of poor gas exchange, measures to reduce extra- 
pulmonary right to left shunt were considered. 
These included infusion of plasma, blood, or 
dopamine to keep mean systemic blood pressure 
>25 mm Hg in infants of <1000 g birth weight 
and >30 mm Hg in larger infants. If the syste- 
mic blood pressure was above these values, 
infusion of tolazoline was also considered. All 
other aspects of clinical management were left 


to the discretion of the neonatologist respon- 


sible for care. 


LONG TERM NEURODEVELOPMENTAL 
ASSESSMENT IN SURVIVORS BORN AT LESS THAN 


33 WEEKS’ GESTATION 

Although we had originally planned to compare 
the rates of periventricular haemorrhage in 
infants <33 weeks’ gestation it was not possible 
to obtain cerebral ultrasound scans from all cen- 
tres. This outcome measure was therefore repla- 
ced by a comparison of longer term neurodeve- 
lopmental assessments, which were obtained 
from the impairment register kept by the 
Oxford Region Child Development Project, or 
(for children not resident in the region, from the 
responsible paediatrician) using a classification 
which has been described elsewhere.) 


ANTICIPATED SAMPLE SIZE 

We estimated that a trial with 174 infants in 
each group would have a good chance (90% 
power) of identifying a reduction in 
pneumothorax in all infants from an expected 
rate of 30% to 15% (2p <0°05). Assuming that 
70% of all mechanically ventilated infants had 
hyaline membrane disease and that hyaline 
membrane disease carries a higher risk of 
pneumothorax, a trial of this size would also 
have a 90% chance of identifying a reduction in 
pneumothorax from 40% to 20% at a similar 
level of significance."® 


STATISTICAL ANALYSIS 

All analyses were based on the regimen ran- 
domly assigned, regardless of subsequent venti- 
lator management. The significance of differ- 
ences in proportions were analysed by the x? test 
with Yates’s correction or Fisher’s exact test. 
Normally distributed continuous variables were 
compared by a parametric test (unpaired z test), 
and skewed continuous variables.by the Mann- 
Whitney U test. The effects of any imbalances 
in important prognostic variables between trial 
groups!” were investigated by multiple logistic 
regression. !® 


Results 

TRIAL GROUPS AT ENTRY 

A total of 346 infants were recruited to the trial. 
Descriptive variables for all infants and for 
infants with hyaline membrane disease are 
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shown in table 1. The groups were similar 

except that, among infants with hyaline mem- 

brane disease, those who were assigned to the’ 
HFPPV group tended to be more mature and 

heavier than those assigned to receive LFPPV. 

There was no difference in the overall propor- 

tions of infants in whom allocated management 

was relaxed (table 2). 


MANAGEMENT RECEIVED 

The allocated ventilator regimen was relaxed in 
between 24-29% of infants in each group, 
usually because of poor gas exchange (table 2). 
Although the regimen was relaxed because of 
recurrent pneumothorax more often in infants 
assigned to receive LFPPV, this difference was 
not significant. Overall, relaxation of the allo- 
cated regimen occurred more often because of 
chronic ventilator dependence in those assigned 
to HF PPV (p=0-03 by Fisher’s exact test, two 
tatled). 


SPECIFIED ANALYSES OF OUTCOME 
Overall there were no clear differences in any 
major outcome between the two groups. The 


odds of both death before discharge and 
pneumothorax were lower in the HFPPV 
group, but neither difference was significant 
(table 3). Among infants with hyaline mem- 
brane disease, however, pneumothorax after 
randomisation was 18% in the HFPPV group 
and 33% in the LFPPV group (p=0°013, odds 
ratio 0°5, 95% C1 0-3 to 0°8) (table 3). Infants 
with hyaline membrane disease who were allo- 
cated to receive HFPPV showed a trend to 
lower hospital mortality (HFPPV 17% com- 
pared with LFPPV 28%; p=0°06, odds ratio 
0°5, 95% C1 0°3 to 1:0), but there were no differ- 
ences in the proportions of survivors who 
received mechanical ventilation or added oxy- 
gen at 29 days, in their median oxygen re- 
quirement at 29 days, their median age at final 
extubation, or the median age when supplemen- 
tary oxygen was discontinued (table 3). 

The main diagnoses in infants who did not 
have hyaline membrane disease included tran- 
sient tachypnoea, pneumonia, recurrent 
apnoea, persistent fetal circulation, and birth 
asphyxia. There were no significant differences 
in any outcome in any of these categories. In 
surviving infants of <33 weeks’ gestation (in 
98% of whom follow up assessments were 


Table 1 Characteristics of infants at trial entry. Data are expressed as number (%) unless otherwise stated 


All infants 

HFPPV 

(n=174) 
Mean (SD) birth weight (g) 1596 (752) 
Mean (SD) gestation (weeks) 31-0 (3:7) 
Median (range) age (hours) 3-0 (0-71) 
Median (range) Fıo; 0-6 (0°21-1°0) 
Boys 100 (57) 
Inborn 154 (89) 
Birth weight <10th centile 24 (14) 
Apgar score <7 at 5 minutes 50 (29) 
Intubated at birth Lil (64) 
Pneumothorax before entry 4 (2) 


Infants with hyaline membrane disease 





LFPPV HFPPV LFPPV 
(n=172) (n=123) (n=114) 
1541 (829) 1493 (583) 1323 (606) 
30-5 (4-2) 30-4 (3:0) 29.3 (3:0) 
3:0 (0-71) 3:0 (0-50) 3:0 (0-71) 
0-6 (0-21-1-0) 0-6 (0-30-1-0) 0°7 (0°32-1-0) 
98 (57) 73 (59) 70 (61) 
150 (87) 107 (87) 96 (84) 
22 (13) 16 (13) 13 (11) 
41 (24) 31 (25) 26 (23) 
128 (74) 77 (63) 83 (73) 
5 (3) 1 a) (2) 


Table 2 Reasons for relaxation of allocated ventilator regimen. Data are expressed as number (%) 





All infants 
HFPPY 
(n= 174) 
Allocated ventilator regimen relaxed: 47 (27) 
Poor gas exchange 19 (40) 
Air leak 2 (4) 
Chronic ventilation 6 (13) 
Other reasons 20 (43) 


Infants with hyaline membrane disease 


A Na tro ee 


LFPPV — 


*p=0°76, odds ratio 1-1 (95% CI 0°7 to 1°8); **p=0°51, odds ratio 0°8 (95% CI 0-4 to 1:4). 


Table 3 Short term measures of outcome. Data are expressed as number (%) except where otherwise stated 


Whole group: 


Pneumothorax after entry 


Deaths before discharge 


Survivors: 
IPPV after 28th day 


Supplementary oxygen after 28th day 
Median (range) Fro, at 29th day 


All infants 

HFPPV LFPPV P Odds ratio 
(n=174) (n= 172) Value (95% CI) 
32/170 (19) 44/167 (26) 


Median (range) age (days) when finally 


extubated 


Median (range) age (days) when finally 


breathed added oxygen 


013 0°7 (0:4 to 1-1) 22/122 (18) 
0:8 (0 


HFPPV LFPPV 
(n=172) (n=123) (n=114) 
43 (25)* 30 (24) 33 (29)** 
22 (51) 12 (40) 17 (52) 
7 (16) 2 (7) 6 (18) 
0 (7) 0 
14 (33) 14 (47) 10 (30) 
Infants with hyaline membrane disease 
HFPPV LFPPV p Odds ratio 
(n= 123} {n=114) Value (95% CI) 


37/112 (33) 0:013 0°5 (0°3 to 0°8) 
0°5 (0-3 to 1 


41/174 (24) 50/172 (29) 0-16 "5 to 1-2) 21/123 (17) 32/114 (28) 0°06 (0 '0) 
19/133 (14) 17/122 (14) 0°90) 1:0 (0°5 to 2°1) 17/102 (17) 12/82 (15) 0-88 1:2 (0°5 to 2°6) 
42/133 (32) 38/122 (31) 0-94 1-0 (0°6 to 1-7) 37/102 (36) 27/82 (33) 0.64 1:2 (0°6 to 2°11) 
0°21 (0°21-0°6) 0°21 (0:21-0:55) 083 — 0-21 (O0-21-0°6) 0'21 (0:21-0:55) 069 — 
4-0 (0-164) 5:0 (0-183) 049 — 4-4 (0-164) 6:0 (0-144) O21 — 
9-0 (1-796) 9:0 (0-242) 05 — 10°4 (1-796) 12-0 (0-242) 076 — 
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Table 4 Long term outcome for infants of less than 33 weeks’ gestation. Data are expressed as number (%) except where 
otherwise stated 








HFPPV LFPPV Odds ratio (95% CI) 
Total No recruited 125 126 — 
Mean (SD) gestation (weeks) 28°6 (4-5) 28-1 (5-3) — 
Median (range) age (months) when last seen 18 (3-48) 18 (18-64) — 
Deaths during first year 36 (29) 29 (23) 1-4 (0°8 to 2-4) 
Deaths after 1 year of age 10) 0-1 (0 to 6°8) 
Lost to follow up 2 (2) 6 (6) 0-4 (0-1 to 15) 
No of infants surviving longer than 1 year* 0 — 
Normal outcome 69 (79) 69 (77) 1-2 (0-6 to 2:4) 
Cerebral palsy 4 (5) 12 (13) 0-4 (0-1 to 1-0) 
Other central nervous system disease 2 (2) 5 (6) 0-4 (0-1 to 1:9) 
Severe hearing impairment 4 (5) 8 (9) 0-4 (0-1 to 1:3) 
Severe visual impairment 6 (7) 13 (14) 0:5 (0°2 to 1:2) 
Global developmental delay 4 (5) (7) 0-7 (0'2 to 2°4) 


*Percentages total more than 100 because some infants had more than one condition. 


Table 5 Use of pancuronium at the John Radcliffe Hospital 





All infants Infants with hyaline membrane disease 
HFPPV LFPPV HFPPV LFPPV 
(n=127) (n=128) (n=90) (n=79) 

No (%) that received pancuronium 40 (31) 26 (20)* 30 (33) 20 (25)** 


*n=0°058; odds ratio 1-8 (95% CI 1:0 to 3:1); **p=0°33; odds ratio 15 (95% CI 0°8 to 2°8) 


‘blind’), those allocated to receive HFPPV 
showed no increase in neurodevelopmental 
complications or abnormal outcomes (table 4). 


ANALYSES OF OUTCOME NOT SPECIFIED IN 
ADVANCE 

Survivors of <33 weeks’ gestation who had 
been allocated HFPPV had a marginally lower 
rate of severe neuromotor impairment (‘cerebral 
palsy’), a finding that could have been due to 
chance. 

The analyses restricted to infants with hyaline 
membrane disease were adjusted by multiple 
logistic regression for possible confounding 
effects of gestational age, birth weight, and 
sex.” 18 The difference in the rate of 
pneumothorax between regimens remained sig- 
nificant, but the difference in mortality did not. 

Data on the use of pancuronium were 
obtained only for infants at the John Radcliffe 
Hospital. These showed a trend toward 
increased use of pancuronium in the HFPPV 
group (p=0'058, odds ratio 1°8, 95% Cl 1-0 to 
3°1) (table 5). By multiple regression analysis, 
both HFPPV and pancuronium were found to 
be independently associated with a reduction in 
the incidence of pneumothorax (p<0-001). The 
apparent protective effect was considerably 
greater for pancuronium than for HFPPV, both 
in all infants and in those with hyaline mem- 
brane disease. 


Discussion 

The most valid comparisons of ventilator tech- 
niques are likely to come from studies that meet 
two conditions. Firstly, ventilator techniques 
should be randomly assigned within each hospi- 
tal. This tends to balance the innumerable varı- 
ables that affect prognosis (whether known or 
not) evenly between the treated and control 
groups.!? 7° Secondly, the trial should recruit 
large enough numbers of infants to allow a dis- 
tinction to be made between real and chance dif- 
ferences in outcome. Although this trial is to 


our knowledge the largest randomised study of 
conventional neonatal ventilation yet reported, 
it was likely (with 90% power) to show a signifi- 
cant result only if the true effects were large (a 
50% reduction in pneumothorax or a corres- 
pondingly greater reduction in chronic lung dis- 
ease). 

Overall we found that HFPPV was associa- 
ted with a 34% reduction in the odds of 
pneumothorax, which did not reach our preset 
level of significance. Among infants with 
hyaline membrane disease, however, in whom 
we had postulated a greater risk of pneu- 
mothorax, HFPPV was associated with a 
50% reduction in the odds of pneumothorax 
(p=0°013; odds ratio 0°5, 95% Cl 0:3 to 0°8). 
This is important, and when data from the only 
comparable trial are taken into account (table 
6),'? it seems unlikely that the observed differ- 
ence in the incidence of pneumothorax in both 
trials is due to chance. There were no clear dif- 
ferences in mortality or in the development of 
chronic lung disease between the groups, and 
the proportions of survivors of less than 33 
weeks’ gestation with normal outcome were 
similar (table 4). 

Our results seem to conflict with those of 
Reynolds and Taghizadeh,” who compared ven- 
tilator frequencies of 30-40/minute and LE 
ratios of 1:1 with frequencies of 60-80/minute 
and J:E ratios of 1:2, similar to the technique of 
HFPPV that we used. They found more deaths 
and no reduction in the incidence of 


Table 6 Meta-analyses of controlled mals of HFPPV 
against LF PPV 


Odds ratio 95% CI 

Effect of HFPPV on ee Sada of pneumothorax in all infants: 
Heicher et al, 198 0°3 0°1 to 0°8 
OCTAVE, 1990 07 0°4 to I+] 
Typical odds ratio 0-6 0-4 to 0°9 
Effect of HFPPV = relative sa of death among all infants: 
Heicher et al, 1981"? 08 0-3 to 1-8 
OCTAVE, 1990 0-8 0-5 to 1-2 
Typical. odds ratio 0-8 05 to 1-2 
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pneumothorax with faster frequencies. The two 
studies are not necessarily at variance, however, 
because the equipment, the methods, and the 
infants were not comparable. In the earlier 
study an intermittent flow ventilator (Ben- 
nett PR2) was used,” in which mean air- 
way pressure—and hence oxygenation??? — 
decreased at frequencies above 40/minute.” 
Most (but not all) modern continuous flow ven- 
tilators maintain mean airway pressure at faster 
frequencies,** particularly if the gas flow rate is 
increased (Appendix).”” In the earlier study the 
infants treated with fast frequencies were born 
between 1967 and 1969, and the second group 
between 1970 and 1972. Some of the reduction 
in mortality in the second group may thus have 
resulted from factors other than ventilator man- 
agement. All the infants in the earlier study had 
severe hyaline membrane disease,” because 
mechanical ventilation was begun when the 
infants were apnoeic; or gasping, peripherally 
vasoconstricted and bradycardic; or had Pao, 
<4-7 kPa (35 mm Hg) and F10, 20-95.” This is 
a crucial difference because many infants in the 
present trial had moderate hyaline membrane 
disease, with Pao, >6°7 kPa (50 mm Hg) and a 
median Fro, of 0°6 or 0°7 at entry (table 1). In 
moderate hyaline membrane disease we found 
that adequate oxygenation was possible using 
HFPPV with an I:E ratio of 1:2 at relatively low 
peak and end expiratory pressures. In severe 
hyaline membrane disease, however, an I:E 
-ratio of 1:2 in HFPPV was not appropriate 
because peak pressures of >30 cm H,O were 
frequently required to maintain oxygena- 
tion. 7! In severe hyaline membrane disease, 
therefore, we routinely increased the I:E ratio 
from 1:2 to 1:1 and the inspiratory time from 
0°33 to 0°5 seconds (Appendix) to improve 
alveolar inflation and gas exchange.” °? 2! 7° 
How might HFPPV protect against 
pneumothorax? If pneumothorax occurs when 
lung units overinflate, the risk is likely to be 
greater when the ventilator delivers larger tidal 
volumes, particularly if these are superimposed 
on the infant’s own inspiration. Greenough et al 
observed that when this occurred in infants 
receiving LFPPV—that is, when a one second 
ventilator inflation took place within 0:2 
seconds of the end of spontaneous inspiration, it 
provoked asynchronous breathing with ‘active 
expiration’ against the ventilator (the infant 
forcibly exhaled during the ventilator peak 
pressure phase).?” This may be an example of 
the Hering-Breuer reflex in response to stimula- 
tion of vagally innervated stretch receptors 
resulting from overinflation”® and gas trapping. 
Field et al reported that active expiration was 
reduced by increasing the ventilator rate or 
reducing the I:E ratio.” Both these manoeuvres 
reduce tidal volume and together result in a 


. ventilator technique similar to the method of 
„HFPPV used here. HFPPV may therefore pro- 


tect against pneumothorax by preventing over- 
‘inflation of lung units, coincidentally reducing 
active expiration. 

Among infants receiving LFPPV Green- 


- ough et al found that pancuronium considerably 


. "reduced the risk of pneumothorax in those with 


active expiration.” Using multiple regression 


analysis we found that pancuronium given when 
infants struggled excessively against the ventila- 
tor had a substantial apparently protective effect 
against pneumothorax, which was independent 
of that of HFPPV. 

In this study, LFPPV usually entailed an ini- 
tial I:E ratio of 1:1 at 20-40 cycles/minute with 
relatively long inspiratory times of 0°75—1-0 
seconds (Appendix). Except in very stiff lungs, 
increased inspiratory times may predispose to 
pneumothorax because of overinflation and gas 
trapping,”' and to obstruction of the pulmonary 
circulation. This type of LFPPV is probably 
particularly inappropriate for infants with less 
severe hyaline membrane disease, which will 
become more common with the use of surfac- 
tant or antenatal steroids. 

This study shows that there is a growing need 
for multicentre collaboration if methods of 
reducing pneumothorax, mortality from chro- 
nic lung disease, and adverse neurodevelopmen- 
tal outcome are to be evaluated reliably. If these 
outcomes become progressively less common, 
larger numbers will be needed,!® so it would be 
valuable to establish a national network of 
paediatricians willing to cooperate in future 
trials. National (and international) agreement 
on a standard format for data collection will be 
helpful, so that uniform measures of initial sev- 
erity of disease and outcome can be made.” If 
no adverse interaction between treatments 1s 
expected there is no scientific reason why ran- 
domised trials that are designed to answer diff- 
erent questions should not take place simulta- 
neously in the same neonatal units. Indeed, this 
should be encouraged so that our uncertainties 
about the most effective treatments can be 
resolved more rapidly. 
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Low frequency positive 
pressure ventilation (LF PPV) 


: 17-25 cm H,O 15-25 cm H,O 
PEEP 46 cm H,O 3-5 cm H,O 
Gas flow rate 6-8 l/min 6-8 Imin 
Ventilator rate 60/min Fixed 30 (20-40)/min 
Inspiratory:expiratory ratio 1:2 throughout 1:1 uhr ads RR 
Inspiratory time 0°33 sec (but see (a) below (but at rates <30/min, inspiratory time is usually set 
Expiratory time 0°67 sec and footnote* *) at 1’O sec) 
If Pao, high: Decrease Fro, or PIP or PEEP Decrease F10 or PIP or PEEP or I:E ratio 
If Pao, low Increase F10, or PIP or PEEP Increase Flo, or PIP or PEEP or I:E ratio 
If Paco; high Increase PIP or decrease PEEP (often unwise Increase rate (to maximum 40/min) or increase PIP 
in early or decrease PEEP (often unwise in early HMD) 
If Paco; low Decrease PIP or rate** or increase PEEP Decrease rate or PIP or increase PEEP 


When MAP reaches 12 cm H,O and Fio, >0-6 (severe disease) 


(i) Increase gas flow rate to 8-10 l/min for a better square pressure waveform. If using Fisher Paykel humidifier with standard adult 
chamber, change to low compressible volume chamber. Readjust PIP and PEEP to the same values if necessary Wa 
(ii) If using Bennett Cascade or similar water bath humidifier, keep it filled to maximum and increase gas flow (10-12 Vmin with 


Bennett) for better square pressure waveform 


If Pao,<6°7 kPa and Fio,>0°95 when 
MAP=12 cm H,0 or if Paco, >7°3 kPa 


when MAP=12 cm H,O 


(a) Increase I:E ratio from 1:2 to 1:1 (so 
inspiratory time=expiratory time=0-5 sec). 
Important: you may have to cut PIP by 1-5 
cm, to avoid excessive chest wall expansion. 

(b) Check blood gases in 15 minutes 

(c) Consider treating hypotension or extra- 
pulmonary right to left shunting (for 
example, infusion of plasma, blood, 


If Pao,<6°7 kPa and Fro,=0°95 when 
MAP=12 cm H,O or if Paco,>7°3 kPa 
when rate=40/min i 
(a) Consider treating hypotension or extrapulmonary 
right to left shunting (for example, by infusion 
of plasma, blood, dopamine, tolazoline, or 
1 mmol/kg alkali) 
(b) Increase PIP or PEEP or I:E ratio until 
MAP=17 cm H,O 
(c) If Pao,<6°7 kPa or Paco,>7°3 kPa after 15 
minutes 


dopamine, tolazoline, or 1 mmol/kg alkali) 
(d) Increase PIP and/or PEEP until MAP= 


17 cm H,O 


(e) i Pao: <6°7 kPa or Pco, >7°3 kPa after 
15 mi 


minutes 


Consider relaxing allocated protocol _ 
(aje) Can be completed in 30 minutes if 


necessary 


Consider relaxing allocated protocol 
(ao) Can be completed in 30 minutes if necessary 


Fio,, fractional inspired oxygen; HMD, hyaline membrane disease; I:E, inspiratory:expiratory, MAP, mean airway pressure; 
Paco», arterial carbon dioxide tension; Pao, arterial oxygen tension; PEEP, positive end expiratory pressure; PIP, peak inspiratory 


pressure. 


t Modified from Sedin®; **after 1985, if Paco, remained low and PIP could not be cut without reducing oxygenation, the rate was 


slowed, keeping inspiratory time <0°5 sec. 
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Abstract 

Among 659 infants of 30 weeks’ gestation or 
less born in a regional perinatal centre 
between 1983 and 1989, 195 were ventilated 
for four days or more and survived to 28 days, 
and 87 of these developed chronic lung 
disease. There was a sevenfold increase in the 
annual incidence of chronic lung disease over 
time. During the same period there were 
significant increases in the number of infants 
who survived, the incidence of septicaemia, 
and the use of parenteral lipid emulsions. 
Chronic lung disease was significantly 
associated with low birth weight, shorter 
gestation, duration of ventilation, vaginal 
delivery, sepsis, and the use of lipid. Respira- 
tory and physiological measurements at 
96 hours were significantly worse in infants 
who subsequently developed chronic lung 
disease. Initial logistic regression showed that 
gestation, arterial carbon dioxide tension 
(Paco,), and ventilation rate at 96 hours; and 
birth in 1988 or 1989, were independently 
associated with chronic lung disease, but 
when septicaemia and use of lipid during the 
first 21 days were included, only gestational 
age (odds ratio 0-64, 95% confidence interval 
(CI), 0-49 to 0-81 for each week) and use of 
lipid (odds ratio 8-1, 95% CI, 2-32 to 28-0) 
remained significantly associated with chronic 
lung disease. 

The observed increase in incidence of 
chronic lung disease in this population was 
associated with earlier use of parenteral lipids 
in infants of very low gestation rather than 
with changes in population, survival, or ven- 
tilator treatment of respiratory distress 
syndrome. 


Since the introduction of mechanical ventilation 
for the treatment of severe respiratory distress 
syndrome in preterm infants, the main compli- 
cation limiting successful outcome has been 
chronic lung disease. This is usually defined as 
oxygen dependence at 28 days of life in an infant 
with a history of mechanical ventilation during 
the first week of life and characteristic radio- 


able | Inborn infants of 30 weeks’ gestation or less who were ventilated for at least four 
ays: condition at 28 days (n=260). Figures are expressed as number (%) 


1983 
lead 1] (31) 
live breathing oxygen 4 (11) 
live breathing air 20 (57) 
otal 35 


? for trend=25-5, p<0-00001. 


1984 1985 1986 1987 1988 1989 

H BH 8025) HQH 1034) 8 (20) 6 (14) 
8 (22) 10(31) 1022 62) 22(55) 27 (63) 

17 (47) M (44 24(53) 13(45) 10(25) 10(23) 

36 32 45 29 40 43 


graphic changes in the lung fields. First 
described by Northway et al,! it has variously 
been attributed to oxygen toxicity, barotrauma, 
infection, and the vulnerability of the lungs in 
very preterm infants.’ 

During recent years many centres have 
reported an increasing incidence of chronic lung 
disease, and the incidence varies considerably 
among centres. It has been suggested that the 
rising incidence is related to the survival of an 
increasingly vulnerable population of infants of 
lower gestational age who would previously 
have died. Differences in respiratory manage- 
ment have been suggested as one explanation 
for the variation in incidence among similar 
centres.* A considerable rise in the numbers of 
infants with chronic lung disease has recently 
been observed in the Mersey regional neonatal 
intensive care unit, and this study was initiated 
to see if this change could be explained by 
changes in the population alone, or whether 
factors such as changes in management or 
increased survival played a part. 


Patients and methods 
Infants of 24 to 30 weeks’ gestation admitted to 
the Mersey neonatal intensive care unit between 
1 January 1983 and 31 December 1989 were 
included in the study if they were born in the 
hospital, were ventilated for at least the first 
four days of life, and survived to at least 28 days 
(table 1). Infants born at other hospitals and 
admitted later were not included because of 
incompleteness of early physiological data. 
Infants were considered to have chronic lung 
disease if they were oxygen dependent at 28 
days, had received mechanical ventilation, and 
had characteristic radiographic changes. 
Descriptive, respiratory, and physiological 
variables were abstracted from the clinical and 
intensive care records, which had been stored 
on microfiche. Descriptive variables included 
birth weight; gestation; sex; number of days 
ventilated; whether transferred to the centre in 
utero; use of pancuronium; use of parenteral 
lipid emulsions; singleton or multiple delivery; 
caesarean section; occurrence of pneumothorax, 
persistent ductus arteriosus, or septicaemia; and 
the presence of chronic lung disease. Persistent 
ductus arteriosus was defined as the presence of 
clinical signs sufficient to lead to a change in 
management such as fluid restriction, and 
septicaemia as a positive blood culture. Paren- 
teral lipid emulsions (Intralipid 20%, Kabi- 
Vitrum) were given through peripheral or 
central lines at a rate of 5 ml/kg/day, increasing 
over four days to a maximum of 20 mlkg/day. 
These variables were examined initially, together 
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Table 2 Changes in proportions of study infants (n=195) with septicaemia, receiving lipids, and requiring ventilation on 





day 10 
1983 1984 1985 1986 1987 1988 1989 x p Value 
for trend 
Septicaemia 11 (46) 14 (56) 17 (71) 24 (71) 14 (74) 26 (81) 27 (73) 74 0-006 
Lipid used for <21 days 3 (13) 14 (56) 14 (58) 18 (53) 13 (68) 30 (94) 33 (89) 45-9 <0-0001 
Ventilated at day 10 6 (25) 10 (40) 16 (67) 12 (35) 7 G7 22 (69) 23 (62) 8-8 0-003 
Total 24 25 24 34 19 32 37 — — 





with respiratory and physiological variables 
measured: at 6, 48, and 96 hours of age’ 
according to year of birth, for significant trends 
to change with time (x? for trend) (table 2). The 
same variables were then compared in infants 
with and without chronic lung disease (table 3), 
together with respiratory and physiological 
variables measured at 6, 48, and 96 hours of age 
(table 4). If a particular measurement had not 
been recorded exactly at one of the required 
times, the next recording was taken. All blood 
gas measurements were made in arterial samples 
and all blood pressure recordings were taken 
from catheters in the aorta or radial artery. 
Alveolar:arterial (A:a) ratios were computed 
from the blood gas measurements and the 
fractional inspiratory oxygen (FIo,.) 


Table 3 Demographic variables and management in 195 infants with and without chronic 
lung disease. Figures are expressed as number (%) except where otherwise stated 


Median (range) weight (g) 
Median (range) gestation (weeks) 
Multiple pregnancy 

Caesarean section 

Median (range) days ventilated 
Ventilated day 10 

Male 

In utero transfer 

Pancuronium 

Lipid <21 days 
Pneumothorax 

Persistent ductus arteriosus 
Septicaemia 


Infants without Infants with p Value 

chronic lung disease chronic lung disease 

(n:=108) (n=87) 

1208 (612-1944) 903 (610-2000) <.0:00001 
29 (24-30) 27 (24-30) <0°00001 
22 (20) 18 (21) 0-99 
66 (61) 36 (41) 0-003 

7 (4-50) 25 (4-300) <0°00001 
22 (20) 4 (85) <0°00001 
62 (57) 53 (61) 0°52 
72 (67) 53 (61) 0°87 
72 (67) 67 (77) 0°23 
43 (40) 82 (94) <0-00001 
28 (26) 36 (34) 0:25 
43 (40) 41 (47) 0°37 
61 (56) 72 (83) 0°00009 


The significance of differences was assessed 
with the x? test for categorical variables and the 
Mann-Whitney U test for continuous variables. 
The descriptive variables, the year of birth, and 
those respiratory and physiological variables 
that differed significantly between the two 
groups at the 5% level or less, were then entered 
in a logistic regression analysis (SPSS-X-Probit, 
Logit option’) and the regression coefficient 
and its standard error derived for each variable 
(table 5). The odds ratio and 95% confidence 
intervals (CI) were calculated where appropriate. 
Because the greater number of days spent being 
ventilated in the group with chronic lung 


disease was thought to be partly a result of 


chronic lung disease rather than a cause, this 
variable was not included in the analysis. 


Table 5 Results of logistic regression with chronic lung 
disease as dependent variable 


Independent Regression Standard 
variable coefficient error 
Weight 0°015 0-143 
Gestation* —0°452 0-121 
Vaginal delivery 0:262 0-302 
Septicaemia 0-116 0-321 
Lipid <21 days” 2-088 0-623 
Paco, at 96 hours 0-019 0-024 
A:a ratio at 96 hours —0-505 0-805 
pH at 96 hours -0462 2-596 
Ventilator rate at 96 hours 0:010 0-007 
ear: 
1984 0-278 0-789 
1985 --0-138 0-820 
1986 ~—0°967 0-814 
1987 —0-936 0-851 
1988 0:113 0:815 
1989 0-407 0-807 
*p<0-001. 


Table 4 Respiratory measurements at 6, 48, and 96 hours in 195 infants with and without chronic lung disease. Values are 


expressed as median (range) 


Time infants without _ 
(hours) chronic lung disease 
(n= 108) 
FIo, 6 075 (0°21~1-00) 
48 0:70 (0°28—1-00) 
96 0-40 = (0°21-1-00) 
Ventilator rate/min 6 40 (90-100) 
48 57 (0--100) 
96* 30 (0-90) 
Peak airway pressure (cm H,O) 6 20 (0-45) 
48 20 (0-34) 
96 18 (0-25) 
Pao, (kPa) 6 786 (3:07-23:50) 
48 8-40 (3°20-28-80) 
96 9-86 (4:00-23:05) 
Paco; (kPa) 6 5:07 (2:93-13:20) 
48 573 (3°07-10°00) 
96** 5°07. (2°13--9-73) 
pH 6 736 (6:92-7:52) 
48 7:27 (6:99-7:46) 
96+ 732 (699-760) 
A:a ratio 6 0:143 (0°038-0°646) 
48 0-140 (0°038-0°506) 
96t 0:283 (0°065-0°990) 
Mean arterial blood pressure (mmHg) 6 36 (21-58) 
48 40 (25-60) 
96 45 (29-76) 


*p=0-03, **p=0-002, tp=0-012, and $p=0-009. 


Infants with 
chronic lung disease 


(n= 87) 

0-85 (0:21-1:00) 
0:75  (0*21-1°00) 
9:55 (021-100) 
49 (6-100) 

55 (0-120) 

40 (0-131) 

22 (15-44) 

22 (4-41) 

18 (0-32) 

9:06 (3-07-3470) 
853  (+80-21:20) 
8:66  {4:27-19-20) 
5:07 (2:67-8:13) 
5'60 (2:67-10:90) 
5:60 (2:53-9:06) 
734 (7:00-7:50) 
7:27  (7-01-7:48) 
730 (7+ 15+7°42) 
0:147  (0°035-0°621) 


(0-059-0°680) 
(0-060-0-950) 
(16-56) 
(23-59) 
(22-73) 
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Results 
During the seven year period studied 659 


. infants of between 24 and 30 weeks’ gestation 


were born in the hospital and admitted to the 
neonatal intensive care unit. Of these, 195 
infants were ventilated for four or more days 


. and survived to at least 28 days of life, and these 


form the study group. Eighty seven developed 
chronic lung disease as defined. There were no 
significant differences with time in the distribu- 
tion of gestational age, birth weight, sex, 
incidence of caesarean section, multiple gesta- 
tion, in utero transfer, or male sex, in the 
frequency of use of pancuronium, occurrence of 
pneumothorax or persistent ductus arteriosus, 
or in any of the physiological or respiratory 
variables. There was a sevenfold increase in the 
incidence of chronic lung disease (table 1), 
together with an increase in the incidence of 
septicaemia, in the use of lipid emulsions, and 
in the proportion of infants still being ventilated 
on day 10 (table 2). 

The characteristics of the infants in the study 
group are shown in table 3, grouped according 
to whether they developed chronic lung disease 
or not. Those that did were lighter and less 
mature, were less likely to have been delivered 
by caesarean section, were ventilated longer, 
and were more likely to have received parenteral 
lipid during the first 21 days of life and to have 
had septicaemia. The respiratory and physio- 
logical variables are shown in table 4. Signifi-. 
cant differences between infants with and with- 
out chronic lung disease were seen only at 96 
hours when the ventilator rate, peak airway 
pressure, and arterial carbon dioxide tension 
(Paco,) were higher, and the pH and A:a ratio 
were lower. When the descriptive variables, the 
year of birth, and those respiratory and physio- 
logical variables that differed significantly 
between the two groups were entered in a 
logistic regression with chronic lung disease as 
the dependent variable, only gestation, birth in 
1988 or 1989, and Paco, and ventilator rate at 
96 hours were independently associated with 
chronic lung disease. The inclusion of septi- 
caemia as an independent variable left only 
gestational age and birth in 1988 and 1989 
independently associated with chronic lung 
disease, and the inclusion of lipid use in the first 
21 days left only gestational age (odds ratio 
0°64, 95% CI 0°49 to 0°81, for each week) and 
use of lipid at <21 days (odds ratio 8-1, 95% CI 
2:32 to 28:0) with significant associations 
(table 5). 


Discussion 
Neonatal intensive care has been described as a 


‘able 6 Numbers of neonatal survivors who received parenteral lipid, and time of start by 


ear of birth 


-9 days 
0-21 days 
ver 21 days or never 


‘otal 


? for trend 72-6, p<0-00001. 


1983 1984 1985 1986 1987 1988 1989 


l 0 l 1 3 19 26 
2 14 13 17 8 1] 7 
20 l1 10 16 6 2 4 
24 25 24 34 19 32 37 
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continuing experiment, and certainly many of 
the factors that may affect outcome either for 
good or ill are constantly changing. When an 
adverse outcome such as chronic lung disease in 
preterm survivors of intensive care is seen to 
increase, it is often difficult to find out whether 
the change is the result of changes in the 
population served, in survival, or in factors 
relating to techniques of management. Chronic 
lung disease in inborn infants of 30 weeks’ 
gestation or less and ventilated for four days or 
longer has apparently risen sevenfold during a 
seven year period, and mainly in the last two 
years. When demographic variables significantly 
associated with chronic lung disease in this 
group were taken into account in the logistic 
regression the years 1988 and 1989 remained 
significantly associated with chronic lung 
disease, suggesting that factors other than 
demographic changes were responsible for the 
observed change in incidence of chronic lung 
disease. 

Though there was a clear trend to increased 
neonatal survival in this high risk group (table 
1), this cannot account fully for the observed 
increase in chronic lung disease. If this were so, 
the numbers of neonatal deaths together with 
the number of infants in oxygen at 28 days 
should form a similar proportion of the total 
population in each year. As seen in table 1, this 
proportion increased during the seven year 
period from 42% to 77%. A number of respira- 
tory and physiological measurements made at 
96 hours of age were significantly associated 
with chronic lung disease. In the logistic regres- 
sion only Paco, and respiratory rate at 96 hours 
remained significantly associated with chronic 
lung disease before septicaemia and lipid use 
were taken into account. The improved survival 
of the very immature that has clearly occurred, 
especially in the last two years of this study, 
could have been the result of a more intensive 
attitude to ventilation of this group of infants. 
Kraybill et al suggested that the observed 
variation in the incidence of chronic lung 
disease among a number of neonatal intensive 
care units in the United States was attributable 
to differences in the intensity of mechanical 
ventilation, as shown by the lower Paco, at 48 
hours of age reported from centres with higher 
rates of chronic lung disease.* The differences 
seen in this study were in the opposite direction, 
implying that infants who developed chronic 
lung disease were sicker at 96 hours of age 
rather than overventilated at 48 hours. The lack 
of an independent association between respira- 
tory variables and the occurrence of chronic 
lung disease as previously shown suggests that 
while methods of ventilation may account for 
differences in chronic lung disease rates 
among centres, they do not explain the recent 
increases in incidence within centres. 

The increase in the incidence of septicaemia 
was almost entirely related to an increase in 
coagulase negative staphylococcal infection. 
Septicaemia, though strongly associated with 
chronic lung disease in the univariate analysis, 
failed to achieve independent association in the 
logistic regression model after lipid use had 
been allowed for. Though septicaemia could be 


= 
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causally associated with chronic lung disease, it 
is also probable that infants who developed 
chronic lung disease were more prone to infec- 
tion. The use of lipid emulsions during the first 
21 days of life was strongly associated with 
chronic lung disease, and when it was entered in 
the regression model it was the only factor to 
account for the higher incidence of chronic lung 
disease in 1988 and 1989. 

The association between chronic lung disease 
and the use of lipid could be explained by lipid 
being given mainly to sicker infants. Examina- 
tion of lipid prescription in this group during 
the study period, however, showed a pronounced 
change in the age at which it was started. In 
particular, much earlier use of lipid was made in 
the last two years (table 6) in the absence of any 
significant change in the early severity of illness 
as measured by the respiratory and physio- 
logical variables. The use of lipid emulsions in 
sick preterm infants has been associated with 
higher rates of coagulase negative staphylococ- 
cal sepsis,° as was the case in this study, when 
81% of infants receiving lipid became septi- 
caemic, compared with 40% of those who did 
not (p<0-0001). Giving lipid to preterm infants 
is associated with an excess generation of free 
radical induced lipid peroxidation, and throm- 
boxane production,’ and free radical induced 
lung damage has been proposed as a factor in 
the genesis of chronic lung disease.® Recently a 
small clinical trial of lipid given for five days to 
preterm infants undergoing intensive care 
showed a significant excess of chronic lung 
disease and rétinopathy in treated infants com- 
pared with controls.’ 

The earlier use of parenteral lipid solutions 
on this unit was introduced because of concern 
over poor growth in these sick, very low 
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birthweight infants when amino acids and 
dextrose/electrolyte solutions alone were used 
for nutrition. It is likely that this exposed a large 
number of infants in the earlier stages of hyaline 
membrane disease to lipid, when they were 
most vulnerable to lung injury,.and that this 
change in practice accounted for the increase in 
chronic lung disease seen in recent years. 

Until further evidence is available, the use of 
parenteral lipid emulsions should be restricted 
to older preterm infants, or to those without 
respiratory symptoms. In sick preterm infants 
any theoretical gains made from early parenteral 
lipid infusion are outweighed by an increase in 
the incidence of chronic lung disease in the 
following weeks and months. 
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Phosphorus metabolites in the human placenta 
estimated in vivo by magnetic resonance 


spectroscopy 


A M Weindling, RD Griffiths, A S Garden, P A Martin, R H T Edwards 


Abstract 

Normal human placental metabolism has 
been studied in vivo by image localised 
31P magnetic resonance spectroscopy in 13 
women with anterior placentas; five, however, 
were too fat for useful spectral signals to be 
obtained. Magnetic resonance spectra of 
good quality which were considered to have 
arisen from the placenta were obtained from 
seven women with uncomplicated pregnan- 
cies (median gestational age 35 weeks, range 
28-39). One other woman had a twin preg- 
nancy in which one fetus had died a few days 
before. The phosphodiester signal from the 
placenta of the dead fetus was outside the 95% 
confidence intervals for normal placentas, 
suggesting that this technique may potentially 
be useful in the assessment of placental func- 
tion. 


The ability to assess fetal wellbeing reliably is 
essential for making informed decisions about 
the management of the fetus that is considered 
to be at risk. The ideal method should be safe, 
non-invasive, and capable of providing informa- 
tion in normal as well as abnormal pregnancies. 
Indirect methods, such as Doppler blood flow 
studies, are neither specific nor sensitive 
enough to diagnose a hypoxic fetus accurately. 
Direct methods, such as cordocentesis, are inva- 
sive and risky. 

Magnetic resonance (MR) spectroscopy, 
although expensive, has the potential for pro- 
viding information about fetal wellbeing.’ 
Earlier in vitro work suggested that MR could 
have a role in the study of placental disorders.” 

Following a brief preliminary report,” we pre- 
sent the first observations of human placental 
metabolism assessed non-invasively by *4P MR 
spectroscopy. 


Methods 

We used a General Electric Signa MR system 
with a field strength of 1:5 tesla. Pregnant 
women were recruited from the antenatal clinic 
and ward. Each subject lay in a lateral position 
to avoid aortocaval compression. As a single 
examination lasted up to 1:5 hours, foam pad- 
ding was used to make her as comfortable as 
possible. Sixty three examinations have been 
made to image fetuses; none has had to be stop- 
ped because of physical discomfort and only one 
because of claustrophobia. 


LOCALISATION OF THE FETUS AND PLACENTA 
The fetus was imaged using a fast scan techni- 
que that has previously been described.* The 
precise position of the placenta in relation to the 
anterior abdominal wall, the uterus, and the 
fetus was established in at least two orthogonal 
views using the following settings: repetition 
time 25 msec, echo delay time 12 msec, and a 
flip angle of 10°. 


MAGNETIC RESONANCE SPECTROSCOPY 

An 11 cm diameter transmit and receive surface 
coil was used to generate a °'P spectrum from 
the placenta. The exact position of the surface 
coil on the anterior abdominal wall was con- 
firmed by a small glycerol phantom built into 
the coil, which could be seen on the fast scan 
MR images. 

The size and position of the coil were such 
that, from the images obtained, placental tissue 
could be seen extending at least as far as one 
coil’s radius from the outer edge of the coil. The 
image based spectroscopy protocol, one dimen- 
sional chemical shift imaging (1D-CSI), was 
used to define contiguous slices 10 mm thick 
and parallel to the surface coil in the orthogonal 
plane.” 

The sensitive volume of our surface coil was 
checked by conventional imaging of a phantom, 
which was constructed to subject the coil to 
identical operating conditions (for example, coil 
loading) as those encountered for a pregnant 
woman. The radio frequency pulse power was 
chosen so that the sensitive volume produced 
was shaped like a shallow dome. At 4 cm 


-depth—the depth at which the placenta was 


encountered—the volume was roughly a flat 
disk 7 cm in diameter. Together with the image 
based spectroscopy protocol (1D-CSI, repeti- 
tion time 1 second, and 16 excitations with 128 
phase encoding steps), this technique, which 
produced 1 cm thick slices parallel to the plane 
of the coil, gave a sensitive volume of about 38 
ml. 

The number of phase encoding steps was 
unusual and was used for two reasons. Firstly, 
our computer software worked more efficiently 
on multiples of 128. Secondly, the number of 
phase encoding steps determined the number of 
data points in the spatial direction; the more 
such points there were, the better the spatial 
resolution. 

Previous reproducibility studies at this centre 
using an identical technique to study the spleen 


found a coefficient of variation of metabolite 
ratios of between 2 and 14%.° 

A study was considered satisfactory if at least 
two contiguous 1 cm slices could be localised 
within the placenta on both the axial and sagittal 
images. The MR signal that was analysed was 
obtained at 4 cm depth from the coil. Proton 
1D-CSI spectra were collected to confirm local- 
isation and for additional chemical shift refer- 
ence. Spectra were processed with a Sun work 
station running the General Electric SA/GE 
spectroscopy software. Automated curve fitting 
was done with the Marquardt-Levenburg non- 
linear least squares algorithm. 

Each metabolite was expressed as a fraction of 
the total phosphorus signal. No attempt was 
made to correct for partial saturation effects 
which were invariably present. because of the 
short repetition time used. 


PATIENTS 

Seven normal pregnant women (median gesta- 
tional age 35 weeks, range 28-39) were studied. 
One other woman with a twin pregnancy in 
which one of the fetuses had died a few days 
before was also studied. These studies were 
approved by the ethics committee of this health 
authority, and were carried out within the 
guidelines of the National Radiological Protec- 
tion Board of the United Kingdom.’ 


Results 

It was possible to differentiate the spectra that 
originated from the anterior abdominal wall, the 
placenta and uterine wall, and the placenta 
alone at 4 cm depth (fig 1). The spectrum from 


(a) Abdominal wall 


Uterine wall and placenta 
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Figure 1 Image localised ?'P spectrum obtained with one 
dimensional chemical shift imaging from (A) the abdominal 
wall, (B) uterine wall and placenta, and (C) human 
placenta in vivo at 35 weeks’ gestation. The placental 
spectrum was obtained from a slice 4 cm deep to the surface 
coil. PM, phosphomonoesters; Pi, inorganic phosphate; 
PCr, phosphocreatine; and PDE, phosphodiesters. 
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Figure2 7P spectrum from the placenta of the dead fetus. 
The raw signal is shown tn the lower panel, with the 
smoothed signal generated by the computer assisted curve 
fitting program in the upper panel. PM, phosphomonoesters; 
Pi, inorganic phosphate; PCr, phosphocreatine; and PDE, 
phosphodiesters. 
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Figure 3 Quantitative ?'P metabolite data from seven 
uncomplicated pregnancies expressed as a proportion of the 
total phosphorus signal; bars indicate mean (95% confidence 
intervals). The results obtained from the placenta of the dead 
fetus are indicated separately (X). PM, phosphomonoesters; 
Pi, inorganic phosphate; PCr, phosphocreatine; and PDE, 
phosphodiesters. 


the placenta of the dead fetus is shown in fig 2. 

Studies of five other women were abandoned 
because they were fatter, and as a result their 
placentas were deeper than the 4—5 cm required 
for optimal collection of signals. 

The data from each of the seven normal sub- 
jects were combined to give a mean value with 
95% confidence intervals (CH. The phospho- 
diester signals from the placenta of the dead 
fetus fell outside the 95% CI (fig 3); although 
the BATP signal from the dead fetus was also 
low, the signal:noise ratio from this relatively 
small signal was poor, and we are therefore 
reluctant to place too much significance on this 
observation. 


Discussion 
These studies have shown that it is possible to 
obtain magnetic resonance spectra from anter- 
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iorly placed placentas. There was no evidence of 
any systematic change in signal with gestation, 
and one reason for this is that the placenta is 
functionally mature by 28 weeks. 

When placental function was grossly de- 
ranged, however (in the case of the intrauter- 
ine death), possible breakdown products were 
visible. Phosphomonossters and phosphodies- 
ters are representative of phospholipid meta- 
bolism. Their major constituents are the precur- 
sors of membrane constituents—that is, phos- 
phorylethanolamine (a precursor of phospha- 
tidylethanolamine) and phosphorylcholine (a 
precursor of phosphatidylcholine). Phosphomo- 
noester signals might be expected to increase 
during early pregnancy and cell growth, and to 
decline when the placenta matures or earlier if 
growth ceases. The sugar phosphates, notably 
2, 3-diphosphoglycerate in red blood cells, also 
contribute to the phosphomonoester signal. The 
phosphodiester resonance arises from contribu- 
tions from glycerophosphorylethanolamine and 
glycerophosphorylcholine, which are the degra- 
dation products of phospholipids and myelin. 

As predicted by Dawson et al,’ the ability to 
detect in vivo large resonances from inorganic 
phosphorus and the products of phospholipid 
synthesis and catabolism seems to offer the 
opportunity to study placental function and its 
disorders. The relatively larger amounts of 
phosphodiesters that were observed in the case 
of the placenta of the dead fetus were much 
what might have been expected in theory. 

We are aware that our method of localising to 
a slice allowed some contamination of the 
signal, both from neighbouring tissues and from 
non-placental tissue at the ends of the slice. 
This was in part restricted by the sensitivity of 
the surface coil, but there was inevitably some 
contamination (probably less than 10%) from 
myometrium or abdominal wall and this may 
have accounted for the fairly large phospho- 
creatine signal. The enzyme creatine kinase has 
been described in placental tissue and small 
amounts of phosphocreatine are present on pla- 
cental extract analysis.” The absence of phos- 
phocreatine from in vitro studies may have been 
the result of hydrolysis. The much larger phos- 
phodiester signal is more interesting, and 
cannot be accounted for by myometrial con- 
tamination; the finding is in contrast with in 
vitro studies that showed a low content.!° One 
explanation has come from studies of hepatic 
phosphodiester metabolism by Bates et al. 
They suggested that a signal caused by the 
phospholipid component of the membranes is 
seen at the lower field strength at which in vivo 
studies are carried out; this is lost at the higher 
fields used in the in vitro analyses because of 
chemical shift anisotropy in an underlying 
broad hump.!! 

Caution must therefore be exercised in pre- 
dicting possible in vivo changes from in vitro 
studies for two reasons. Firstly, because of the 
different field strengths. Secondly, because of 
the rapid reduction in ATP concentration in the 
human placenta after delivery, which was 


Weindling, Griffiths, Garden, Martin, Edwards 


shown by Carroll and Young, who suggested 
that biochemical] deterioration may occur within 
30 seconds of delivery.'? 

The safety of any technique used in preg- 
nancy is of paramount importance. Safety 
aspects of this technique were considered care- 
fully. National Radiology Protection Board 
guidelines relate to exposure to radio frequency 
power. A conventional magnetic resonance 
image is one tenth of that specified in the 
guidelines.’ The fast scan imaging technique 
used in these studies required one hundredth of 
the energy of conventional images. Magnetic 
resonance spectroscopy required one tenth of 
the energy of fast scan images, that is one ten- 
thousandth of that specificed in the guidelines. 
Cell cultures and animal studies have also been 
done to assess the safety of MR, and studies of 
pregnant mice showed no differences in litter 
numbers or growth rates in animals exposed 
to MR compared with controls.'? Follow up 
studies of patients and volunteers who have 
undergone imaging also failed to show any 
hazards. }? 

This technique is still some way from being 
clinically useful. Improved coil design to pro- 
vide a more homogeneous transmitting field will 


improve localisation and allow comparison of - 


slices recorded at different depths. 


We gratefully acknowledge support from Action Research for the 
Crippled Child. 
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Temperature instability during nursing procedures 


in preterm neonates 


Q Mok, C A Bass, D A Ducker, N McIntosh 


Abstract 

The temperature changes associated with 
total care nursing procedures were studied on 
249 occasions during the first week of life in 25 
preterm infants weighing less than 1500 g, 16 
of whom weighed less than 1100 g. Large 
drops in both central and peripheral tempera- 
ture occurred, with widening of the central- 
peripheral temperature gap. Recovery of the 
temperature after the total care procedure 
took up to two hours. 

These routine nursing procedures are car- 
ried out every four to six hours. They cause 
an important alteration in the environmental 
temperature with consequent thermal stress 
to the infants that may influence ultimate out- 
come. 


There is a narrow range of ambient temperature 
within which the metabolic rate and oxygen 
demand of neonates are minimal.’ This neutral 
thermal environment varies with an infant’s 
body weight, age, and amount of clothing,” ? 
and is important because babies managed at 
environmental temperatures outside this range 
may grow less adequately,* and be at risk of 
increased mortality and morbidity.” ” 
Without outside help the preterm baby 
behaves like a classic poikilotherm, its tempera- 
ture reflecting that of its surroundings.® ° The 
provision of a neutral thermal environment with 
incubators and overhead heaters is an important 
feature of neonatal intensive care. In 1985 we 
reported temperature fluctuations that occurred 
during the handling of babies,!" and showed 
that they were more pronounced when the 
incubator was used in a servo controlled tem- 
perature mode.!! The aim of the present study 
was to monitor the degree and importance of 
these temperature changes during handling. 


Patients and methods 

Temperature recordings were collected from 25 
very low birthweight babies (less than 1500 g) 
admitted to the neonatal intensive care unit at 
this hospital. The infants were subdivided into 
those weighing above and below 1100 g, as 
infants weighing less than 1100 g (n=16) were 
nursed in humidified incubators for the first 14 
days. The babies were routinely nursed naked 
and covered by a single layer of bubble plastic in 
closed incubators the air in which was control- 
led at the temperature of the infant’s neutral 
thermal environment.!! The temperature of the 
nursery was set at 28°C and the humidity at 
40%. 


Total care nursing procedures that were car- 
ried out during the first week of life were moni- 
tored. These consisted of mouth care, measure- 
ment of axillary temperature, nappy change, 
turning, heel pricking for measurement of 
blood glucose concentration, and rotation of 
transcutaneous probe sites. If the infant was 
ventilated, physiotherapy and endotracheal 
tube suction would often be included. This 
routine, performed four to six hourly, took 
about 20 minutes to complete but could vary 
from 15 to 45 minutes, depending on the nurse 
and the tasks required. Temperature probes 
were attached to the abdominal skin and the 
sole of the foot to measure core and peripheral 
temperatures, respectively. These measure- 
ments were recorded continuously by Simonsen 
and Weel 8000 series monitors and were fed into 
the MARY neonatal monitoring system instal- 
led in the unit.!” This system (Meadowbank 
Medical Systems Limited) can record up to 16 
channels of physiological and environmental 
data from each intensive care cot. Data were 
obtained every second, averaged every minute, 
and stored on the hard disk of the host com- 
puter. 


Results 

The birth weights of the babies ranged from 510 
to 1500 g (median 920). The babies were born at 
gestational ages ranging from 24 to 31 weeks 
(median 27). The temperature changes from a 
total of 249 total care procedures carried out 
during the first week of life were analysed. 
Figure 1 shows typical graphs of core and 
peripheral temperature fluctuations during total 
care procedures obtained from four of the 
babies during the study. There is generally a 
temperature gap reflecting the higher central 
temperature compared with the extremities. At 
the end of each total care procedure there was 
an obvious fall in both central and peripheral 
temperature in all babies. The peripheral tem- 
perature fell by a greater degree after total care 
such that the central-peripheral temperature 
gap widened. Recovery to the temperature 
before the procedure was gradual and could 
take as long as two hours. 

The data obtained from the 249 procedures 
on the 25 babies are shown in the table. The 
central temperature fell by a mean of 0°7°C 
(range 0°0--1°7) and the peripheral temperature 
by 1:3°C (range 0°2-3°0). The temperature gap 
widened by an average of 0°6°C (range 0°0-2'7) 
after total care procedures. The lowest central 
temperature recorded was 34°8°C in a baby of 
26 weeks’ gestation who weighed 800 g, and the 


784 


lowest peripheral temperature recorded was 
32-6°C in a baby of 24 weeks’ gestation who 
weighed 770 g. In one infant the temperature 
gap increased from 0-3°C at the start of a proce- 
dure to 3°0°C at the end. 

Figure 2 shows the association between cen- 
tral and peripheral temperature changes and 
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weight. Among the babies weighing <1100 g 
(those nursed in humidified incubators) there is 
a negative correlation between the fall in 
temperature and birth weight (fig 2A). This 
correlation was highly significant for the 
peripheral (r=—0°868, p<0-0001) but not for 
central temperature changes (r=—0-437, 
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Figure 1 Examples of graphs obtained from different babies during total care procedures showing temperature fluctuations 
with time. In each graph the upper (Tc) and lower (Tp) trace indicates the central and peripheral temperatures respectively. 
Periods of total care are indicated by 7". The babies’ gestational ages, birthweights, and times of recording, respectively, 
were: (A) 31 weeks, 1500 g, day 5; (B) 28 weeks, 920 g, day 2; (CG) 24 weeks, 770 g, day 3; and(D) 27 weeks, 1000 g, 


day 7. 


Details of 25 babtes. Each temperature value is the mean of a series of total care procedures for each baby 


Case Gestation Weight No of Central temperature (°C) 


No (weeks) {g) procedures 


care care 


procedure procedure 


l 27 510 17 37:7 36:8 
2 24 630 7 37:5 371 
3 26 640 I} 37°6 36-4 
4 24 770 8 37-8 371 
5 27 790 17 377 36-7 
6 26 800 6 37°2 36-3 
7 28 820 15 36-9 36-2 
8 28 820 5 37-5 37-1 
9 26 850 ll 37°3 36°8 
10 28 870 3 37°9 37°1 
1] 27 890 6 36°9 36-1 
12 28 900 16 37-0 36:3 
13 28 920 9 37°3 36-7 
14 27 1000 20 37°9 37-4 
15 26 1020 9 381 37°5 
16 27 1060 8 37-5 370 
17 28 1170 9 36°8 36-1 
18 28 1200 6 3741 363 
19 29 1270 14 36-9 364 
20 28 1280 4 36°9 36°2 
21 30 1310 5 38-0 37°4 
22 31 1350 4 37°6 371 
23 27 1385 14 37:0 36:4 
24 29 1410 13 37:3 36-8 
25 3I 1500 12 373 36°4 


Peripheral temperature (°C) Central- 
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Figure2 The association between central (squares) and 
peripheral (triangles) temperature changes with weight for 
babies (A) <1100 g and (B) 21100 g. A linear regression 
best fit line was calculated for each group; only the peripheral 
temperature drop in babies <1100 g was significant 
(p<0°0001). 


p=0:087). In babies who weighed 1100 g or 
more, and who were nursed in non-humidified 
incubators (fig 2B), neither the central (r=0-036, 
p=0°889)} nor the peripheral (r=0-488, 
p=0:181) temperature changes were signifi- 
cantly correlated with weight. There was no 
significant correlation between the temperature 
changes and gestational age. 


Discussion 

Heat is dissipated to the environment by radia- 
tion, convection, evaporation, and conduction, 
although heat loss from conduction is negligible 
from an infant managed in the neonatal inten- 
sive care unit. This study has shown that there 
is a significant temperature instability during 
routine total care nursing procedures. The 
change in temperature is often substantial—as 
much as 2°4°C centrally and 3-0°C peripherally— 
with slow recovery to normal. 

Previous work showed that heat losses are 
more pronounced for preterm compared with 
term infants because of the relatively large body 
surface areas, poor fat insulation, thin epider- 
mal layers, and increased peripheral blood flow 
in premature babies. The immature homoeosta- 
tic reflexes for maintaining body temperature in 
these infants also contribute to the fall in tem- 
perature and the slow recovery, as it has been 
shown that preterm babies are unable to 
increase heat producion to any appreciable 
extent.® ? These factors account for the higher 
heat loss, most notable in the periphery, in the 
lighter babies in our study. Heat loss would 
probably be more severe if these babies had not 
been incubated under humidified conditions in 
which heat loss by evaporation was minimal. 
The greater temperature drop in some of the 
heavier babies may be the result of higher heat 
loss by evaporation in non-humidified incuba- 
tors. 

Despite our attempts to maintain babies 
within the ideal thermal environment, there was 
an unavoidable fall in incubator temperature 
and humidity when portholes were opened for 
nursing care. Although we did not continuously 
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monitor details of the incubator air temperature 
and humidity, it has previously been shown that 
incubator temperatures inevitably fall when the 
portholes or doors are opened.'? In the small, 
sick infants in this study this led to a drop in the 
infants’ temperature which only regained the 
normal values after about two hours. 

In full term infants, hypothermia leads to an 
increase in the metabolic rate (and therefore 
oxygen demand) as the infant attempts to gener- 
ate heat to regain normal temperatures.!* !5 In 
preterm jnfants with respiratory problems this 
may result in increased oxygen demand in a 
neonate whose oxygen requirements are already 
raised. This increased metabolic rate can cause 
acidosis, hypoglycaemia, and poor weight gain,* 
and if the baby already has respiratory difficul- 
ties, it may contribute to respiratory failure. 
Sauer et al reported that in preterm infants 
changes in body temperature are not always 
accompanied by increased oxygen consump- 
tion’; they redefined the neutral thermal 
environment as ‘the ambient temperature at 
which the core temperature of the infant at rest 
is between 36°7 and 37°3°C and the core and 
mean skin temperatures are changing less than 
0-2 and 0°3°C/hour, respectively’. During the 
total care nursing procedures, this neutral ther- 
mal environment was obviously disturbed and 
did not recover for some time. We have no 
information from our study about whether the 
temperature was regained by an increase in 
metabolic rate or by a decrease in the rate of 
heat loss to the surroundings (by a reduction in 
the gradient from the baby to incubator) thus 
allowing the heat generated by the babies’ stable 
metabolic rate to accumulate. 

It is our routine practice to monitor the 
peripheral and central temperatures of all pre- 
term and low birthweight babies admitted to 
our unit. This is done by a graphical display at 
the cotside (fig 1). Close attention can be given 
to monitoring temperature changes during total 
care and other nursing and medical procedures. 
The procedures have now been modified to 
minimise fluctuations in temperature. For small 
babies the nurses increase the incubator tem- 
perature by one degree before their total care 
routine, and try to do the various tasks as 
quickly as possible, keeping a close watch on 
the monitor screen during the process. The 
visual feedback given by the computer as the 
procedure is carried out is important in reduc- 
ing the thermal instability and possibly the 
thermal stress and metabolic demands on the 
baby. 


We thank the nurses for their cooperation in this study, in parti- 
cular for the care of patients and entry of the data. 
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Site of upper airway obstruction in preterm infants 
with problematical apnoea 


Nigel R Ruggins, A D Milner 


Abstract 

Airway obstruction is an important factor pre- 
disposing to the development of apnoea in 
preterm infants. An ultrafine fibreoptic scope 
was used to examine the upper airway of 12 
preterm infants with recurrent problematical 
apnoea. Continuous visualisation of the air- 
way was possible and recorded on to videotape 
together with simultaneous cardiorespiratory 
monitoring to detect apnoeic episodes in 12 
infants studied. In seven infants obstruction 
was observed at laryngeal level with the aryte- 
noid masses and aryepiglottic folds closing 
across the vocal cords. This was not only 
observed in obstructive apnoea but also during 
mixed apnoea in periods where no respiratory 
effort was detectable and again in apparently 
pure central apnoea. The findings confirm the 
larynx as an anatomical site of upper airway 
obstruction. They agree with other indirect 
methods of assessing airway patency that 
obstruction has an important role in the 
pathophysiology of apnoea of prematurity. 


It is becoming recognised that obstruction of 
the upper airway is a common feature in all 
types of apnoea of prematurity and not limited 
to the relatively rare obstructive apnoea attacks. 
Altogether 69°5% of preterm infants with 
apnoea have periods of airway obstruction when 
episodes of obstructive and mixed apnoeas are 
taken into account.’ However this is clearly an 
underestimate if obstruction is only defined in 
terms of continued respiratory effort in the abs- 
ence of airflow at the nose or mouth. Yet it is 
clear that an external obstruction will often 
cause preterm infants to become apnoeic even 
when there are no respiratory efforts against the 
obstruction.” Thus obstruction of the airway 
can result in a ‘central’ apnoea as defined 
by standard cardiorespiratory monitors, with 
absent airflow and absent respiratory efforts. 
Clearly an indicator of airway patency would be 
more useful in defining the role of airway 
obstruction in apnoea. One approach is to mea- 
sure tidal flow using a face mask system incor- 
porating a pneumotachograph and sensitive 
pressure transducer. A cardiac artefact is then 
transmitted on to the flow trace while the airway 
is patent but this is lost when the airway 
obstructs. Using this indirect measure of airway 
patency obstruction has been detected in about 
half of apparently central apnoeas.” An alterna- 
tive approach is to visualise directly the upper 
airway during aponeic episodes and so deter- 
mine its patency. 

There are two likely anatomical sites for 


obstruction of the upper airway in apnoea, the 
larynx and the pharynx. Evidence exists to sup- 
port obstruction at either of these sites in pre- 
term infants with apnoea. The aim of this study 
was to define the site of upper airway obstruc- 
tion in a group of preterm infants with severe 
problematical apnoea. 


Patients and methods 

Twelve preterm infants with severe, problema- 
tical apnoea have been studied with a median 
gestation of 27 weeks (range 24-31) and median 
birth weight 925 g (range 650-1630). The mean 
age at study was 30 days and a median postcon- 
ceptional age of 30 weeks (range 27-36). Two 
infants were studied on more than one occasion. 
All but one had required initial ventilation for 
respiratory distress syndrome, mean duration 
6'4 days (range 0-33), At the time of the study 
recurrent apnoea was a major clinical manage- 
ment problem and although none were oxygen 
dependant when studied, supplementary oxy- 
gen was often required for apnoeic episodes. 
Episodes of obstruction were often suspected 
clinically as the apnoeic episodes were some- 
times associated with hypoxia and bradycardia 
often requiring intervention by the nursing 
staff. 

All infants had required treatment before the 
study for apnoea (table 1) and all were on 
methylxanthine therapy. Half of the infants 
required further intubation and ventilation for 
recurrent severe apnoea after their initial period 
of ventilation for lung disease. Two were found 
to be improved when nursed with a soft support 
under the neck to prevent excessive neck flexion 
and in three infants constant stimulation was 
provided by ventilating an air filled mattress. 

An ultrafine fibreoptic scope (PF22- 
Olympus) was used to visualise the upper air- 
way of the infants studied. The scope was origi- 
nally designed as an angiofibrescope for vascu- 
lar surgery with an outer diameter of only 2°2 
mm. A similar instrument has been used pre- 
viously with success as a bronchoscope in 
neonates.* The scope has remote control two 
way angulation through 120° at the tip and can 
be directed by the operator at the hand piece. 


Table 1 Treatment for apnoea 


No (%) of infants 
Aminophylline/theophylline 12 (100) 
Intubation and ventilation 6 (50) 
Nasal continuous positive airway pressure 7 (58) 
Ventilated mattress 3 (25) 


Neck extension 
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Images are relayed to a colour monitor by a 
small endoscopic camera (OTV-S2 Olympus) 
connected to the scope and a continuous record- 
ing made on to VHS videotape. The fine endo- 
scope tip is introduced intranasally and ad- 
vanced and directed until located at the site of 
interest. In this study we have concentrated on 
the larynx and fig 1 shows the position of the 
scope relative to the surrounding structures. 
Simultaneous cardiorespiratory monitoring 
was peformed to detect spontaneously occurring 
apnoeas. Respiratory efforts were detected by 





Figure 1 Position of the fibreoptic scope in relation to upper 
airway structures. 
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respiratory inductive plethysmography (Respit- 
race system) using only the abdominal band, as 
previously described, in small preterm infants.° 
Airflow at the nostril was recorded with a self 
retaining nasal thermistor. Oxygen saturation 
was also recorded (Ohmeda Biox 3700 pulse oxi- 
meter) together with heart rate. All monitor 
outputs were then recorded onto a four channel 
tape recorder (Racal Store 4DS) to provide a 
permanent recording of events. 

To enable accurate timing and recognition of 
apnoeic events and allow direct comparison of 
the endoscopic view with the monitor record- 
ings, a further modification was made. During a 
study the outputs of the monitors were con- 
tinuously printed out on to paper by a four 
channel chart recorder. This print out was then 
filmed by a separate free standing TV camera 
and relayed via a mixing box (modified Sony 
Video Selector ITP 265AJC) to the same colour 
monitor displaying the laryngoscopic view (fig 
2). This meant that the monitor outputs could 
be directly visualised alongside the picture of 
the upper airway and allowed the operator to 
observe immediately what was happening to the 
airway during recorded apnoeic events. When 
events were subsequently analysed the split 
screen view with both respiratory parameters 
and endoscopic findings were available recorded 
on videotape as well as the seperate permanent 
recording of the respiratory monitors by the 
four channel tape recorder. 

The procedure was well tolerated by the 
infants and once introduced the scope appeared 
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‘igure 2 System to enable simultaneous visualisation of monitoring recordings and laryngoscopic view. 
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Table 2 Apnoeas recorded in seven infants 


Arytenoid masses 


JS 





Expiration 


Arytenoid masses 





Airway closure 


Patient Apnoea type Duration Oxygen saturation Lowest heart rate Recovery 
No (secs) drop (%) (beats/min) 
sts en names I Pe an Brenn En a te 
l Obstructive* 19 10 150 Spontaneous 
2 Mixed 50'5 36 70 Spontaneous 
Mixed 45 23 150 Spontaneous 
Mixed} 24 22 106 Intervention 
3 Mixed 59 42 82 Spontaneous 
4 Mixed 20 18 100 Spontaneous 
Mixed 10°7 2 171} Spontaneous 
Central 10:6 0 1774 Spontaneous 
Mixed 10°5 .0 170¢ Spontaneous 
5 Obstructive 18 _ 97 Spontaneous 
Mixed 39.2 12 90 Spontaneous 
6 Central 30 32 90 Spontaneous 
7 Obstructive 43 61 78 Intervention 
_ Obstructive 72 50 75 Intervention 


*See figure 5, tsee figure 6. 
+Tachycardia noted but on theophylline treatment. 


to cause little discomfort or distress. Positioning 
of the scope was at times difficult with small 
movements of the baby or operator resulting in 
loss of the view and requiring repositioning of 
the scope. No increase in supplementary oxygen 
was necessary during the study, as judged by 
recorded oxygen saturations, except during 
apnoeic events. If the infant was on feeds these 
were discontinued one hour before the study 
and the stomach emptied to prevent aspiration. 


Arytenoid masses 


Aryepiglottic \ 
fold 


Inspiration 


Figure3 Laryngeal movements in tidal breathing. 
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Vocal cords 


Epiglottis 


Reopening of airway 


Figure4 View of obstruction at laryngeal level during apnoea. 





The infants were studied in their normal nurs- 
ing position, usually prone, though some were 
studied supine with support to keep their neck 
partially extended. There were no adverse 
events or complications associated with the pro- 
cedure. 


Results 

Infants were monitored for a mean time of 79 
minutes (range 49-139) with simultaneous 
laryngoscopic visualisation for a mean time of 
43 minutes (range 16-72). We were able 
simultaneously to record and visualise 14 
apnoeic events in seven of the infants studied. 
The details of the apnoeas are given in table 2. 
Of the apnoeas recorded eight were mixed 
(57%), four obstructive (29%), and two central 
(14%) as defined by the respiratory monitors. 
The mean duration was 32°25 seconds (range 
10:5-72). During 10 of the apnoeas a drop in 
oxygen saturation of 10% or greater was 
recorded and half had associated bradycardia of 
less than 100 beats/minute. No apnoeas were 
recorded immediately on introduction or posi- 
tioning of the scope. The apnoeas recorded were 
not uncharacteristic of the apnoeas the infants 
were having before the study. 


LARYNGOSCOPIC FINDINGS 

The majority of recording was of normal tidal 
breathing with cord ‘abduction during inspira- 
tion and narrowing of the glottic aperture in 
expiration (fig 3). The arytenoid cartilages with 
their coverings and the aryepiglottic folds are 
prominant structures and actively mobile in the 
laryngeal movements of normal tidal breathing. 
Swallows were frequently seen with glottic clo- 
sure followed by immediate reopening of the 
airway. 

Obstruction was observed to occur at 
laryngeal level during the apnoeic episodes 
recorded (fig 4). The prominant arytenoid mas- 
ses and thick aryepiglottic folds were seen to 
close across the airway resulting in obstruction. 
This was similar to that seen during swallowing 
but the airway patency was not restored despite, 
at times, respiratory efforts against the obstruc- 
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-aryngoscopic view 


asal flow 


* 


tion. Figures 5 and 6 illustrate two of the 
apnoeic episodes recorded. The first is an 
obstructive apnoea with the patent laryngeal 
opening visualised during tidal breathing. Clo- 
sure occurs at the start of the episode simulta- 
neously with loss of airflow recorded at the nos- 
tril. Respiratory efforts continue to be made 
against the obstructed airway, as shown by the 
inductance trace, and in this example eight 
obstructed breaths are recorded. Airway 
patency is restored as airflow is again recorded 
with the resumption of normal respiratory effort 
waveforms as the obstruction is removed. The 
episode is associated with desaturation and a 
small drop in heart rate. Figure 6 is an example 
of a mixed apnoea with again loss of airway 
patency with laryngeal closure at the onset of 
the episode simultaneously with loss of airflow. 
In this case, however, there were initially no 
breaths against the obstruction until after about 
8 seconds when respiratory efforts commence 
against the closed airway which remained 
obstructed for a further 16 seconds despite quite 
vigorous efforts. Again patency was restored 
simultaneously with the resumption of airflow. 
In this particular case the baby became apnoeic 
again shortly after and the scope withdrawn 
and intermittent positive pressure ventilation 
(IPPV) given by bag and mask. The same sequ- 
ence of events was seen in the other episodes 
recorded including the two apparant central 
apnoeas with again laryngeal closure at the start 
of the episode with absent airflow but no respir- 
atory efforts detected by inductance against the 
obstruction. Termination of the apnoea was 
characterised by restoration of airflow with the 
first respiratory effort and reopening of the 
laryngeal airway. 

This laryngeal closure appeared to be an 
active process and not due to a passive collapse 
of the airway structures. Spontaneous recovery 
with reopening of the glottis and re-es- 
tablishment of airway patency was seen in the 
majority of episodes with the scope and moni- 
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Figure5 Obstructive apnoea (patient 1). ECG, electrocardiography. 
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Figure6 Mixed apnoea (patient 2). ECG, 
electrocardiography. 


toring equipment still in position. Three episo- 
des did require active intervention to terminate, 
removing the scope and providing IPPV via bag 
and mask, but this was not unusual for those 
particular infants and the apnoeic episodes. 
When simultaneous recording and visualisation 
was possible we did not record any obstructive 
Or mixed apnoea where the larynx remained 
patent. In six of the apnoeas, either mixed or 
obstructive, the accumulation of secretions 
before the onset of, or the clearance of secre- 
tions with recovery from, the apnoeic episode 
was noticed. 


Discussion 

The suggestion that the larynx may be the site 
of obstruction in preterm infants with obstruc- 
tive and mixed apnoea is not new. It is a com- 
mon observation in apnoeic infants that on 
direct laryngoscopy the cords often appear 
tightly adducted making intubation a difficult 
procedure, whereas one might expect them to 
lie open in a hypoxic, ‘flat’ infant. Stein- 
schneider and Rabuzzi also described the 
resumption of respiratory efforts against such a 
closed glottis, as would be the situation in 
obstructive apnoea. However, it is possible that 
the introduction of the laryngoscope blade may 
itself induce glottic closure. This could also 
occur with our ultrafine scope yet there are a 
number of points to suggest that this is not the 
case. 

Firstly, we have long periods of recording of 
normal tidal breathing with the scope in the 
same position as that during apnoeic episodes. 
No episodes of apnoea appeared to be precipi- 
tated by introduction or positioning of the 
scope. In five of the babies studied, all with 
recurrent apnoea, no laryngeal closure was seen 
for the duration of the study. We have also 
monitored more mature older infants with this 
system and have failed to see the laryngeal clo- 
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sure as described during these apnoeic episodes. 
The apnoeas recorded in our infants were typi- 
cal of the episodes experienced before study and 
there was no apparent increase in their fre- 
quency during the study. We also recorded each 
‘type’ of apnoea as mixed (57%), obstructive 
(28%), and central (14%) in the subjects and 
this is not far from the frequency one would 
expect for spontaneous apnoea particularly in a 
group where obstructive episodes were sus- 
pected. 

In the majority of cases the apnoeas resolved 
spontaneously with the scope in the same posi- 
tion as at the onset of the episode. Research 
looking at laryngeal reflexes in lambs with 
tracheostomies showed that stimulation of 
various regions of the larynx with a probe, 
although occasionally resulting in swallows, 
failed to induce changes in respiratory patterns. 
In contrast very small volumes of hypo-osmolar 
fluids could produce significant respiratory 
depression and prolonged apnoea in the same 
lambs.’ This perhaps could be studied further 
in premature infants by spraying local anaesthe- 
tic over the laryngeal structures before scoping 
but this may itself be detrimental to the baby 
and make observations difficult to interpret. 
We feel confident that when performing our 
studies the scope itself did not precipitate any 
episodes of apnoea. 

There is now clear evidence of a laryngeal 
chemoreflex in preterm infants.® Stimulation of 
this reflex results in swallowing, airway obstruc- 
tion, and apnoea. Many features of this airway 
protective mechanism are similar to sponta- 
neous apnoeas and it has been suggested that an 
exaggeration of this reflex may be a cause of 
apnoea of prematurity. Preterm infants respond 
to fluid bolus volumes of as little as 0°01—0°1 ml 
introduced into the pharynx. This appears to be 
a chemosensitive rather than simply a mecha- 
noreceptor response due to presence of the 
bolus, with the response to water being greater 
than saline.’ Electrical stimulation of the super- 
ior laryngeal nerve produces glottic closure fol- 
lowed by prolonged apnoea in monkeys’® with 
bilateral division of these nerves abolishing the 
swallowing and respiratory suppression induced 
by this reflex. Further work in adult cats has 
shown continuous excitation of the thyroaryte- 
noid muscle, with visible laryngeal adduction, 
follows electrical stimulation of the superior 
laryngeal nerve. This is accompanied by cessa- 
tion of respiration and also suppression of the 
inspiratory activity of the laryngeal abductors, 
the post cricoarytenoid muscles. Similar excita- 
tion of laryngeal adductors and suppression of 
abductors occurs with infusion of water or 
sodium bicarbonate.!! Infants with malforma- 
tions of the central nervous system with associ- 
ated raised intracranial pressure are well docu- 
mented as having apnoea and airway obstruc- 
tion as a result of abductor cord paralysis.” 

Bosma has given detailed attention to the ana- 
tomy of the newborn larynx describing it as ‘a 
grossly mobile, enclosing composite of skeleton 
musculature and a more discretely mobile inter- 
nal composite’.'* The latter is composed of the 
arytenoid, corniculate, aciniform, and epiglottic 
cartilages. He also emphasises ‘the dispropor- 
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tionate size of the arytenoid cartilages and their 
covering soft tissues and the prominance of the 
vocal, ventricular and aryepiglottic folds’ result- 
ing in a significant reduction in the size of the 
laryngeal lumen in comparison to that of the 
trachea. This agrees with our laryngoscopic 
findings in preterm infants with a prominant 
and very mobile arytenoid apparatus and the 
closure of these structures during airways 
obstruction. Swallowing produces glottic clo- 
sure with cord adduction and was frequently 
viewed during our studies. Swallows can be 
produced by instillation of fluids into the 
oropharynx and accompany respiratory sup- 
pression as part of the laryngeal chemoreflex. 
The association between swallowing and apnoea 
has been addressed previously and has been 
found to occur in 76% of spontaneous pro- 
longed apnoea. '* It often precedes apnoea and is 
more frequent during mixed and obstructive 
apnoeas. This again illustrates the intimate rela- 
tionship between apnoea and airway closure at 
laryngeal level. 

Secretions were found to be prominant at the 
onset of some apnoeic episodes and often their 
clearance was associated with recovery and re- 
establishment of airway patency. Oral secre- 
tions have been shown to stimulate the laryngeal 
chemoreflex in animals!” and it.is possible that 
their accumulation in these infants may be 
involved in the aetiology of apnoeic episodes. It 
is certainly a common observation on our unit 
that babies with problematical apnoea often. 
have copious, tenacious secretions and need fre- 
quent airway suction. 

The other anatomical site proposed for upper 
airway obstruction in apnoea is the pharynx. 
This muscular tube like structure has a ten- 
dency to collapse when subject to negative intra- 
luminal! pressure. The pharyngeal muscles, par- 
ticularly the genioglossus, serve to counteract 
this tendency but reduced tone in these muscles 
will predispose to obstruction at this level. This 
is particularly likely to be a problem in preterm 
infants or during rapid eye movement sleep. 
Certainly radiographic, electromyographic, and 
laryngoscopic studies indicate the oropharynx 
as the site of obstruction in adults and older 
infants with obstructive sleep apnoea.!® !” In 
preterm infants the use of a pharyngeal catheter 
monitoring pressure changes during apnoea 
indicated obstruction above the catheter tip 
high in the oropharynx in the vast majority of 
episodes of mixed and obstructive apnoea.'? 
However, the position of the catheter tip was 
judged by pressure changes in normal breathing 
and swallowing and not confirmed by laryngos- 
copy or radiologically. We have not focused on 
regions of the pharynx in this particular study 
as we found evidence of obstruction at the 
larynx. We had no incidences when we recorded 
mixed or obstructive apnoea where the larynx 
appeared patent. It is also possible that phar- 
yngeal airway collapse may occur secondary to 
laryngeal obstruction as airflow through the air- 
way ceases. 

Upper airway obstruction has been visualised 
during central apnoea and in periods of mixed 
apnoea in the absence of respiratory efforts. 
This correlates well with the known responses 
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of preterm infants to an external obstruction 
and other indirect indicators of airway patency. 
Airway obstruction may therefore be a feature 
of all types of preterm apnoea. This suggests 
that the classical division into central, mixed, 
and obstructive apnoea may be misleading 
as common underlying pathophysiological 
mechanisms are identified. 
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Gastro-oesophageal reflux in mechanically 
ventilated preterm infants 


L Pradeaux, V Boggio, J B Gouyon 


Abstract 

Long duration oesophageal pH recordings 
were performed on 42 mechanically ventilated 
and parenterally fed preterm infants for a 
mean (SD) of 94 (28) hours. Their mean (SD) 
gestational age was 31-5 (2-6) weeks and birth 
weight 1514 (448) g. Their mean postnatal age 
was 19 (10) hours at the onset of pH record- 
ing, which was performed with the babies 
supine. The mean hourly values for the total 
number of episodes of gastro-oesophageal 
reflux (GOR) was 2-3 (2-7), for acid GOR 1-2 
(1-4), and for acid GOR longer than 5 minutes 
0-08 (0-09). The time the pH was >4 (the 
reflux index) was 3-5 (3-3)% and the mean air- 
way pressure was 6-6 (5-1) cm H,O. Fifteen 
infants had a reflux index above 5%. GOR pat- 
terns were not significantly correlated to birth 
weight, gestational age, postconceptional age, 
ventilatory patterns, and duration of mechani- 
cal ventilation. We concluded that the repro- 
ducibility of the reflux index was low because 
the median of the absolute differences was 1% 
when two consecutive 12 hour periods were 
compared and reached 2-5% when the two 
periods were separated by 96 hours. 

A second 24 hour pH recording was per- 
formed in 30 of the 42 patients after weaning 
from the ventilator and at a time when 
patients were asymptomatic and enterally fed. 
Compared with the late postprandial period of 
the second pH recording, the first recording 
showed an increase in the number of episodes 
of GOR and a decrease in reflux index, with- 
out any difference in the number of episodes 
of acid GOR. 


Endotracheal aspiration of pharyngeal! or gas- 
tric contents? is a frequent event in mechani- 
cally ventilated newborn infants. A role for this 
phenomenon in the pathogenesis of broncho- 
pulmonary dysplasia has been strongly sug- 
gested but still remains under investigation.? A 
high incidence in gastro-oesophageal reflux 
(GOR) has been demonstrated in ventilated 
adult patients* but limited data have failed to 
show similar findings in nine mechanically ven- 
tilated preterm infants.? Therefore, the purpose 
of this prospective study was to assess the pat- 
terns of prolonged oesophageal pH recordings 
in mechanically ventilated preterm infants. 


Patients and methods 

From January 1987 to June 1989, 42 mechani- 
cally ventilated preterm infants were eligible for 
the study. The mean (SD) gestational age and 


birth weight were respectively 31-5 (2-6) weeks 
(range 26-36 weeks) and 1514 (448) g (range 


800-2500 g). 
The primary respiratory illnesses requiring 
intermittent positive pressure ventilation 


(IPPV) were delayed fetal lung fluid absorption 
(n=19), severe hyaline membrane disease (n= 
9), bacterial respiratory infection (n=2), meco- 
nium amniotic fluid aspiration (n=5), pulmon- 
ary hypertension (n=1), and hypoventilation 
associated with central nervous system dis- 
orders and hypotonia (n=6). Infants were venti- 
lated either on a pressure cycled ventilator 
(Drager Babylog 1 and Sechrist infant ventilator 
IV 100B) or on a volume ventilator (Siemens 
Servo 900 C). Positive end expiratory pressure 
of 2-6 cm H,O was used for all infants on IPPV. 
The ventilatory patterns may indicate the 
severity of the underlying pulmonary disease. 
Therefore, fractional inspiratory oxygen con- 
centration, positive end expiratory pressure 
(PEEP), positive inspiratory pressure (PIP), 
and respiratory rate were recorded hourly dur- 
ing the whole duration of pH recordings. Mean 
airway pressure (MAP) was calculated accord- 
ing to the formula.°: 


MAP=(//Ex PIP+ PEEP)/(1/E+ 1) 


where I and E were respectively the inspiratory 
and expiratory times. 

Infants were nursed in the supine position 
and routine care included pulmonary phy- 
siotherapy, mucus aspiration from the endot- 
racheal tube, blood sampling, nappy changes, 
and setting of intravenous peripheral infusions. 
All these procédures were recorded because 
routine care is associated with significant 
increases in the amount of GOR.’ 7 

The oesophageal pH was recorded using a 
glass microelectrode (Microelectrode Inc MI 
508, with a 1:2 mm outer diameter) as pre- 
viously described.® Briefly, the pH probe was 
calibrated with two standard buffered solutions 
(pH 7-0 and 1-68). The electrode was intro- 
duced through the nose and its distal end was 
placed into the stomach as indicated by a fall in 
pH values (<4). The probe was gently with- 
drawn and a sudden pH increase indicated the 
oesophageal positioning of the probe. Thus the 
distal end of the probe was placed 2 to 3 cm 
above the lower oesophageal sphincter. The pH 
probe placement was confirmed by a daily chest 
radiograph and the probe was also calibrated 
each day. A skin electrocardiographic electrode 
was used as a reference electrode. Both electro- 
des were connected to a pH meter (Beckman 
3500) through a patient isolation unit. The elec- 
trical signal was proportional to the pH and 
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was fed into a strip chart recorder (Linear 1201, 
4 minutes/cm, calibration: 1 pH unit/20 mm). 

Taking into account the possibility of ‘non- 
acid’ reflux we computed all GOR defined as a 
fall in pH of more than one unit, irrespective of 
whether or not the pH fell below 4.8? Acid 
GOR corresponded to a pH fall below 4°0 dur- 
ing for at least 15 seconds.’ ® The following 
parameters were measured for acid GOR: the 
number of episodes/hour, number of .episodes 
of GOR longer than 5 minutes/hour, and the 
percentage time at pH below 4 (reflux index). 

A first oesophageal pH recording was started 
as soon as possible after the onset of mechanical 
ventilation. This monitoring lasted 120 hours in 
fasted and mechanically ventilated infants and 
enteral feedings or weaning from the ventilator 
ended the recording. No infants received seda- 
tion, muscle relaxants, or xanthine derivatives 
during this oesophageal pH recording. One 
infant died on the second day and the 41 
remaining infants needed ventilatory support 
for 15 (15:5) days (range 2°5-58 days). 

A second oesophageal pH recording was per- 
formed during 24 hours after weaning from the 
ventilator at a time when patients were asymp- 
tomatic, enterally fed, and did not receive any 
drug. Thirty of the 42 patients fulfilled these 
criteria. 

Clinical management was constantly assumed 
by doctors not involved in the study. 


STATISTICAL METHODS 

Values were expressed as mean (SD) either for 
the total duration of the recordings or for each 
successive 12 hour period of the first recording. 
Additionally, 10th, 50th, and 90th centiles were 
calculated for GOR patterns. 

The long duration of the first oesophageal pH 
recording allowed an assessment of the reprodu- 
cibility of the results for total number of episo- 
des of GOR and acid GOR and reflux index, the 
later variable being regarded as particularly 
informative in neonates as it is in older children 
and adults.’° Each 12 hour period was com- 
pared with all the following periods for the three 
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variables and absolute values of the differences 
was recorded for each infant. Because the time 
interval between the two periods of the com- 
parison could influence the reproducibility of 
the pH recording results were expressed for 
intervals of 0 hour (two consecutive periods), 
12, 24, 48, 36, 48, 60, 72, 84, and 96 hours. 
Insufficient data precluded valid calculations 
for time interval above 96 hours. 

The data were compared using analysis of 
variance, the Wilcoxon test, and Fisher’s exact 
test as needed. Pearson’s test was used for cor- 
relation studies. The level of significance was 
0-05. 

The protocol was approved by the local 
research ethical committee and informed con- 
sent was obtained from parents. 


Results 

FIRST OESOPHAGEAL PH MONITORING 

Mean postnatal age at the start of the study and 
mean duration of the recordings were respec- 
tively 19 (10) hours (range 5-55 hours) and 94 
(28) hours (range 37-120 hours). 

The mean hourly values obtained for the 
total number of episodes of GOR was 2°3 (2-7) 
(range 0-129), for acid GOR 1-2 (1-4) (range 0- 
7), and for acid GOR longer than 5 minutes 0-08 
(0-09) (range 0-0-4). The reflux index was 3°5 
(3-3)% (range 0-12-1) and the mean airway 
pressure 6°6 (5-1) cm H,O. Fifteen infants had a 
mean hourly value for reflux index above 5% 
(range 5°1-12°2). The distribution of under- 
lying pulmonary diseases was not significantly 
different in infants with low or high reflux 
index: delayed fetal lung absorption 11/8, 
hyaline membrane disease 6/3, pulmonary bac- 
terial infection 2/0, meconium aspiration syn- 
drome 3/2, pulmonary hypertension 0/1, and 
central hypoventilation 4/2. 

Table 1 summarises the data obtained for 
each 12 hour period of oesophageal pH record- 
ing. GOR patterns did not significantly vary 
during the recording. Whatever the 12 hour 
period GOR patterns did not significantly corre- 
late with birth weight, gestational age, post- 


‘able 1 Gastro-oesophageal patterns in mechanically ventilated preterm infants. For each 12 hour period infants were included if oesophageal pH monitoring 
asted at least nine hours 
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a (episodes/ 


our 
10, 50, 90* 

Aean (SD) acid 
GOR >5 minutes 


10, 50, 90” 
Aean (SD) No of 
care procedures 
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Table2 Medians of absolute differences for total number of 
episodes of GOR and acid GOR and reflux index between 
12 hour periods of pH recording separated by 0, 12, 24, 36, 
48, 60, 72, 84, and 96 hours 


Time (hours) No of GOR Acid GOR Reflux 
interval between comparisons (episodes! (episode! index 
the twa 12 hour) hour) (%) 
hour periods 

0 252 0-55 0-30 l 
12 213 0:70 0:30 1:33 
24 177 0-90 0°50 1:33 
36 143 1-00 0:50 1-83 
48 lll 1-60 0-50 1-33 
60 79 1-10 0-50 1°50 
72 53 1-10 0°60 2°17 
84 32 1°35 0-80 2°67 
96 ll 2°50 1-20 2°50 


Table 3 Comparison between first pH recording and the 
late postprandial period of the second pH recording in 
30 infants 


First pH Second pH 
recording recording 
Mean (SD) GOR (episodes/hour) 2°07 (2°26) 1:25 (0-98)” 
Mean (SD) acıd GOR (episodes/ 
hour) 1-11 (1:06) 0:92 (0-80) 
Mean (SD) acid GOR >5 minutes 
(episodes/hour) 0-09(0-09) 0°24 (0:33) 
Mean (SD) reflux index (%) 3°70 (3°55) 731 (9-777 
tp<0 05. 


conceptional age, ventilatory pattern (PEEP, 
respiratory rate, mean airway pressure), and 
total duration of mechanical ventilation. The 
mean routine care procedures declined slightly 
but significantly from the first to the last 12 
hour period of pH recording (table 1). 

Medians for absolute differences from one 12 
hour period to the following periods are indi- 
cated in table 2. 


SECOND OESOPHAGEAL PH MONITORING 

At the time of the second oesophageal pH moni- 
toring the means for postnatal age, postconcep- 
tional age, and weight were respectively 38-4 

(2:4) days, 6°9 (3) weeks, and 2323 (454) g. At 
- the time of the first recording these 30 patients 
presented with GOR patterns similar to the 
whole population (table 3). 

Taking into account that intragastric pH is 
buffered by enteral feedings in the early post- 
prandial period (that is, the first two hours after 
a meal),® the first pH recording (without any 
concomitant enteral feeding) was compared 
with the late postprandial period of the second 
pH recording. The first recording presented 
with an increase in the total number of episodes 
of GOR without any difference in the number of 
episodes of acid GOR and a decrease in the 
reflux index (table 3). Reflux index values of the 
first recording positively correlate with values 
during the late postprandial period of the 
second pH monitoring (r=0°430, p=0°02). 

Oesophageal pH recordings did not cause any 
side effects. 


Discussion 

This study clearly highlights that the first five 
days of life were associated with a reflux index 
above 5% in 36% of mechanically ventilated 
preterm infants when they were fasting and in 
the supine position. A reflux index above 5% 
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was rarely found in two previous studies con- 
ducted in mechanically ventilated preterm 
infants: in three of 18 infants in the supine 
position!” and one of nine infants in the prone, 
right lateral, and left lateral position.” In one 
study the mean for the number of episodes of 
acid GOR and reflux index appeared lower than 
in our patients: 0°51 (0°11) compared with 1-2 
(1-4)/hour and 2:3 (0°6) compared with 3-5 
(3°3)%.° We confirmed the study of Newell et al 
that the amount of reflux did not correlate with 
postconceptional age.” Nevertheless, compari- 
sons with previous studies are of limited value 
because either pH recordings were of short 
duration’? or infants received hourly milk 
feedings.” Milk feeding buffers intragastric pH 
and thus appreciably reduces acid GOR during 
the 120 minute postprandial period. '? By con- 
trast, the supine position may have favoured 
GOR in our patients as has been previously 
demonstrated: in mechanically ventilated pre- 
term infants. !7 

Reproducibility of 24 hour oesophageal pH 
studies have been recently questioned beyond 
the neonatal period. Vandenplas et al concluded 
that this reproducibility was satisfactory 
because they found high values for Pearson cor- 
relation coefficients when comparisons were 
performed between pH recordings on two con- 
secutive days in 30 infants and children.'* 
Nevertheless, Hampton et al stressed the fact 
that simple correlation of pairs of results does 
not allow the assessment of the reproducibility 
of any test.” By analysing the differences 
between the pairs of results in 13 infants these 
authors concluded that there was a low reprodu- 
cibility of pH monitoring. !> Similarly the repro- 
ducibility of pH recording results appeared 
unsatisfactory for clinical applications in the 
mechanically ventilated preterm infants. The 
median of the absolute difference for reflux 
index was 1% when the consecutive periods 
were compared and reached 2°5% when the 
periods were separated by 96 hours. These find- 
ings did not indicate unreliability of the pH 
monitoring, the reproducibility of which has 
been demonstrated in adult patients,'° but 
biological variability. 

Compared with the late postprandial periods 
of the 24 hour pH recording performed after 
weaning from the ventilator, the early pH 
recording showed an increased number of episo- 
des of GOR and a lower reflux index without 
any difference in episodes of acid GOR. This 
study did not allow us to state precisely the 
mechanism for the increased total number of 
episodes of GOR in the mechanically ventilated 
preterm infants. The prevalence of non-acid 
GOR during the first pH monitoring might be 
due to the low gastric secretion rates on the first 
days of birth.'” }8 

A favourable role for IPPV on the amount of 
reflux has been previously suggested in preterm 
infants for two reasons. (1) A decline in acid 
GOR has been seen in mechanically ventilated 
infants showing respiratory distress syndrome 
or bronchopulmonary dysplasia compared with 
immediate subsequent periods of spontaneous 
breathing.” '? (2) IPPV with end expiratory 
pressure was associated with a decline in the 
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positive gastro-oesophageal pressure gradient.” 
However, we did not find any significant corre- 
lation between ventilatory pressures and GOR 
patterns in the first days of mechanical ventila- 
tion. 

The role of endotracheal aspiration of gastric 
contents” has been strongly suggested in the 
pathogenesis of bronchopulmonary dysplasia.’ 
This study has failed to demonstrate any signifi- 
cant correlation between GOR patterns in the 
lower third of the oesophagus and the total 
duration of mechanical ventilation. Recordings 
in the upper part of the oesophagus and in the 
pharynx could be better indicated in demon- 
strating a worsening of neonatal pulmonary dis- 
eases by GOR. 
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Effect of intervention on development of hip posture 


in very preterm babies 


J A Downs, A D Edwards, D C McCormick, SC Roth, AL Stewart 


Abstract 

Preterm babies are physiologically hypotonic, 
which causes their posture to be flattened 
when lying in the prone position. This flat- 
tened posture may persist beyond term. In a 
prospective, randomised, controlled, double 
blind trial of postural support carried out on 
45 babies born at less than 33 weeks of 
gestation, we showed that infants positioned 
with specific hip support during the period of 
intensive care had significantly fewer features 
of flattened posture at the age equivalent to 
term. 


Extremely preterm babies, especially those who 
are very sick, demonstrate physiological muscle 
hypotonia.! 7 When placed in the prone posi- 
tion they tend to lie without pelvic elevation so 
that the trunk and pelvis are flat on the cot, with 
the lower limbs abducted and externally rotated 
and the hips flexed to greater than 90°. Grenier 
observed that prolonged lying in this position 
resulted in a flattened posture which he termed 
‘frog lying’.? He proposed that the prolonged, 
excessive hip flexion resulted in shortening of 
the iliopsoas and adductor brevis muscles, a 
process that may be reversed when normal 
movement develops. In the neurologically 
abnormal infant, normal movement may not 
occur and the shortening may persist leading to 
scissoring. Grenier’s hypothesis implies that 
some of the consequences of neurological 
impairment could be ameliorated by preventing 
the postural abnormality of the legs. 

It is difficult to test this hypothesis directly 
because seriously neurologically impaired 
infants are relatively uncommon among survi- 
vors of neonatal intensive care.* We therefore 
designed a study of very preterm infants admit- 
ted consecutively to a neonatal intensive care 
unit to investigate whether maintaining functio- 
nal postures during hospital admission pre- 
vented the development of the ‘frog lying’ or 
flattened posture. 


Patients and methods 

Consecutively born infants of less than 33 
weeks’ gestation, who were born at University 
College Hospital and admitted to the neonatal 
unit, were enrolled in the trial providing they 
were without genetic anomalies or congenital 
limb abnormalities. 

Consent was obtained from the parents before 
entry into the study and the project was 
approved by the University College London 
faculty of clinical sciences committee on the 
ethics of clinical investigation. 


A prospective, randomised, double blind, 
controlled trial was conducted. Randomisation 
was performed using random number tables. 
Preliminary calculations indicated that 20-25 
subjects were needed for each group to detect a 
reduction in the incidence of flattened features 
of posture from 50% to 10% with significance at 
the 5% level. 


PRELIMINARY STUDY 

A preliminary study was conducted before the 
commencement of the trial in order to identify 
the specific features of posture of full term 
infants. Twenty five infants born at University 
College Hospital with a median gestational age 
of 40 weeks (range 37-42 weeks) and judged to 
be medically well, were examined at a median 
age of 4 days (range 3-14 days). These findings 
provided a precise definition of posture in the 
prone and side lying positions which were used 
as the normal standards to judge the success of 
the postural treatment in the study (see below). 


TREATMENT GROUP 

Specific positioning for the treatment group 
commenced when the infants reached 7 days of 
age and continued until a gestational plus 
postnatal age of at least 36 weeks (the age at 
which active muscle tone begins to develop’) or 
until discharge home. 

When lying prone the babies were positioned 
with some pelvic elevation, the lower limbs 
bearing weight through the anterior knee and 
the hips not flexed to greater than 90° (fig 1A). 
In the side lying position the trunk was 
supported so that it was perpendicular to the cot 
surface with both arms comfortably forward 
and the bottom leg in neutral rotation (fig 1B). 
In the supine position both knees and elbows 
were supported off the cot surface to reduce hip 
and shoulder abduction (fig 1C). Rolled sheets 
or bean bags were used to support the infants. 
The positioning of the babies was implemented 
and supervised by the neonatal physiotherapist 
(JAD). 


CONTROL GROUP 

The control, group was nursed according to 
usual nursing practice for the unit. The prone 
position without hip support was favoured. 
When in the side lying position the infants were 
sometimes supported with a rolled sheet or 
blanket but without specific attention to the line 
of the trunk or the position of the lower leg. No 
knee or elbow support was provided for the 
infant in the supine position. 
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Figure 1 Postural support provided for the treatment group infants when in the (A) prone, (B) side lying, and (C) supine 
positions. 


* 


FOLLOW UP ASSESSMENT 
Infants were assessed at a gestational plus 
postnatal age of 40 weeks by paediatricians 
during the course of neurological examination 
in the follow up clinic. The infants were 
undressed, in a quiet alert state, and medically 
well. The examiners, who were unaware of the 
group to which each baby had been assigned, 
performed a neurological examination! and a 
postural assessment. Each examiner had pre- 
viously been trained in the assessment proce- 
dure and interobserver reliability was checked. 
The postural assessment was divided into 
three sections: 


(1) Prone lying 

The baby was placed in the prone position and 
the weight bearing surface of the lower limb was 
observed. This was recorded as passing through 
the anterior knee, the medial knee, or the 
medial thigh and knee, the former category 
representing those babies who lay with pelvic 
elevation (normal) and the latter two represent- 
ing those whose posture was flattened (abnor- 
mal). 


(2) Side lying position 

The infant was placed in a side lying position. If 
the infant could maintain this position indepen- 
dently it was recorded as stable (normal) and if 
not as unstable (abnormal). 


(3) Supported standing 

The infant was supported standing in a tray of 
Provil-p-base (Bayer UK Limited, Dental Pro- 
ducts Group), a soft and non-abrasive putty, 
which deformed under the infant’s weight to 


leave footprints. The line joining the tip of the 
first toe and the posterior aspect of the heel was 
defined and deviation from the position of 
neutral rotation was measured (fig 2). 


STATISTICAL METHODS 

Results in the prone and side lying positions 
were analysed using the y? test with Yates’s 
correction. The angles of total leg external 
rotation in the supported standing position were 
analysed using the Mann-Whitney U test. 


Results 


Eighty five infants were considered for the 
study. Three infants were ineligible for admis- 
sion because of lower limb orthopaedic abnor- 
malities and six parents did not consent to their 
babies being admitted to the trial. A total of 76 
infants were therefore enrolled. Of these, 31 
infants who had been enrolled in the study were 
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Figure 2 The point of the heel (a) and first toe (b) were 
marked and this was taken to represent the line of the first toe. 
The angles between the line of the first toe and the position of 
neutral rotation were measured and added to give the total 
number of degrees of external rotation of the legs. 
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Clinical details of the treatment and control groups 


Treatment group 


Total 24-28 weeks 
(n=21) (n=10) 
Male:female 10:11 5:5 
Median birth weight (g) 1332 965 
Range 664-2079 664-1379 
Delivery 
Vaginal 9 6 
Caesarean 12 4 
Median No of days on 
mechanical ventilation 4 4 
Range 0-26 1-26 
Median No of days oxygen 
dependent 9 13 
Range 0-182 2-182 
No with abnormal neurological 
examination at term 2 6 


*One of these infants was a breech presentation. 


died (they had been allocated to the control 
group), three infants in the treatment group 
were not positioned as specified by the protocol 
for a period of three weeks, and 16 infants in the 
treatment group were transferred to another 
hospital or discharged home before reaching a 
postnatal plus gestational age of 36 weeks. Nine 
infants were not assessed before reaching a 
gestational plus postnatal age of term plus four 
weeks (three had been allocated to the treatment 
group and six to the control group) because 
they remained unwell in the intensive care unit 
or did not attend the follow up appointment. 
Forty five infants completed the trial, 21 in the 
treatment group and 24 in the control group. 
Clinical details are given in the table. 

All 45 infants were assessed at a gestational 
plus postnatal age of 37-44 weeks (median 40 
weeks) and the results of the posture assessment 
were as follows: 


(1) Prone lying 

Eighteen of 21 infants in the treatment group 
and seven of 24 in the control group lay with 
weight taken through the anterior surface of the 
knee; the remaining babies lay with weight 
taken through the medial knee or the medial 
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Figure3 Histogram showing the results of the assessment of 
posture in the prone position for the treatment and control 
groups. Normal indicates those who lay with weight taken 
through the anterior knee and abnormal those who bore 
weight through the medial knee or leg. 
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29-33 weeks Total 24-28 weeks 29-33 weeks 
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surface of the leg. There was a significant 
difference between the control and treated 
group (p<0'0005). Separate analysis of the 
infants born at 24-28 weeks’ gestation showed a 
significant difference between the groups 
(p<0°001) whereas there was no difference 
among infants born at 29-33 weeks’ gestation 
(fig 3). 


(2) Side lying position 

Eighteen of 21 infants in the treatment group 
and nine of 24 in the control group were stable. 
The difference between the two groups was sig- 
nificant (p<0-005). Separate analysis of infants 
born at 24—28 weeks’ gestation showed a signifi- 


cant difference between the groups (p<0-05) 


whereas there was no difference among infants 
born at 29-33 weeks’ gestation (fig 4). 


(3) Supported standing 

Figure 5 shows the measured angles of external 
leg rotation for the treatment and control 
groups. The median value for the treatment 
group was 33° with a range of 0-120°. The 
median value for the control group was 40° with 
a range of 0-105°. The treatment group had sig- 
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Figure4 Histogram showing the results of the assessment of 
posture in the side lying position. Normal indicates those who 

were stable in the side lying position and abnormal those who 

were unstable. eo 
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Figure5 The angle of total leg external rotation as 
measured in supported standing ts shown for each infant in 
the treatment and control groups. 


nificantly smaller angles than the control group 
(p<0-01). 


Discussion 

We have observed the development of flattened 
posture among very preterm infants, particu- 
larly those who were extremely preterm or very 
sick and had been nursed conventionally while 
undergoing neonatal intensive care. The post- 
ure was characterised by a lack of pelvic eleva- 
tion in the prone lying position, excessive hip 
flexion, and the inability to maintain the side 
lying position. Other investigators have re- 
corded similar findings. Updike et al descri- 
bed features of nursery acquired positional dis- 
orders corresponding to the flattened posture.” 
In a longitudinal study of the development of 
leg posture in a group of preterm babies of 25- 
35 weeks’ gestation, Lacey et al found that in 
the prone position, 35% were weight bearing 
through the medial knee or leg when examined 
at a gestational plus postnatal age of 35-38 
weeks. This finding was associated with chro- 
nic oxygén dependence. By contrast, the full 
term lies with limbs semiflexed.’ In the pre- 
liminary study of term infants conducted before 
the trial, we too noted this typical semiflexed 
posture. When the infants were in the prone 
position, there was pelvic elevation and the 
anterior knee bore the weight of the lower body; 
the full term infants were stable in the side lying 
position. 

Grenier has drawn attention to the excessive 
hip flexion which is associated with the flat- 
tened posture.* He has suggested that this may 
cause shortening of the iliopsoas and adductor 
brevis muscle because excessive hip flexion 
brings the origin and insertion of these muscles 
closer together, and immobilised muscle, adapts 
to the imposed length by shortening of indi- 
vidual sarcomeres.” In a child with normal 
neuromotor function, this deficit will be 
remedied with the onset of normal movement. 
However, a child with neurological impairment 
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may not move adequately and will therefore be 
unable to overcome the muscle shortening. This 
could result in scissoring in the upright posi- 
tion, therefore affecting the stability of the hip 
joint and interfering with the development of 
walking. Grenier proposed that maintaining 
functional postures during neonatal intensive 
care would prevent this sequence of events. 

Our results show that postural treatment, 
designed to maintain the positions noted in full 
term infants, can reduce flattening in very pre- 
term infants. The postural techniques used 
were compatible with the infant receiving inten- 
sive care, inexpensive, simple and readily 
accepted by the nursing staff in the neonatal 
unit. The effect was significantly more notice- 
able in the most vulnerable infants: those born 
at 24-28 weeks’ gestation. These infants are 
likely to be sick and to require mechanical ven- 
tilation and added oxygen when their muscle 
tone is poorly developed. It is therefore particu- 
larly gratifying that flattening was virtually abo- 
lished in the treated group. Infants born at 29- 
33 weeks’ gestation were perhaps less likely to 
develop a flattened posture because of a shorter 
time period over which they were ill with poorly 
developed muscle tone. We therefore recom- 
mended that the neonatal physiotherapist’s time 
be used to advise on and supervise the position- 
ing of the infants in the younger gestation 
group. 

The infants studied were typical very preterm 
infants undergoing intensive care in a regional 
referral centre. Many were very sick requiring 
oxygen treatment and mechanical ventilation 


(table). About half were judged to be neurologi- 


cally abnormal at the gestational plus postnatal 
equivalent age of term according to standardi- 
sed criteria’ in both the treatment and control 
groups. On the basis of previous experience 
about 20% of the neurologically abnormal 
infants (8% of total) may be expected to present 
with serious neuromotor impairment causing 
disability by a corrected age of 12 months.” If 
Grenier’s hypothesis is correct, postural support 
could therefore be expected to ameliorate some 
of the consequences of impairment in neurologi- 
cally abnormal survivors of neonatal intensive 
care. Further follow up is in progress to assess 
any longer term benefits of physiological posi- 
tioning for the neurologically abnormal infant. 
It could also be expected to help all infants by 
enabling them to lie comfortably on their sides. 
This is often the favoured position for sleep and 
may encourage midline orientation.” 


The authors would like to acknowledge the advice of Professor 
EOR Reynolds, the support of the nursing staff in the neonatal 
unit and outpatient clinic at University College Hospital, Jan 
Townsend, coordinator of the follow up programme, and the 
physiotherapy department. 
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Commentary 
POSTURAL DEFORMATION OF THE NEWBORN 
Very preterm infants, and particularly those of 
less than 28 weeks’ gestation, are very vulner- 
able to mechanical deformation because of the 
plasticity of their skeleton, the weakness and 
hypotonicity of their muscles, and the rapidity 
with which they are growing. In normal cir- 
cumstances in utero they are protected from 
extrinsic pressures by the amniotic fluid which 
cushions them, makes them weightless, and 
permits frequent change of posture and posi- 
tion. After delivery they are deprived of this 
protection and exposed to the influence of grav- 
ity which dominates their feeble musculature 
and presses them statically onto the surface on 
which they are lying. Deformation may result 
especially if the infant’s posture is persistent. 
Typically the head falls to one side and becomes 
flattened. With prone or supine nursing both 
the thorax and pelvis may also become flattened 
in the anterior-posterior diameter and the 
thighs, which usually assume the frog position, 
may then become externally rotated giving the 
lower limbs a ‘Charlie Chaplin’ stance. 
Many of these deformities, and other less 
common ones, steadily diminish as the 
muscular-skeletal system strengthens and the 
infant exercises and becomes mobile. However, 
they may persist and more research is urgently 
required to explore and assess their long term 
significance. For this reason the paper on the 
development of hip posture by Ms Downs and 
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her colleagues is to be welcomed, though their 
conclusions as to what positions and postures 
are ‘normal’ or ‘abnormal’ must be treated with 
reservation. It must be emphasised that no 
weight bearing posture can be considered nor- 
mal for the extremely premature infant and 
what may be gained on the swings of one post- 
ure may be lost on the roundabouts of another. 
For example, when infants lie prone the authors 
advocate the attainment of pelvic elevation by 
weight bearing through the anterior (rather than 
medial) Rnee. To achieve this the thighs must 
be adducted (fig 1A). The weight of the lower 
body will then be transmitted to the thigh 
through the head of the adducted femur lying 
against the weak labrum and capsule of the hip 
joint. It remains to be seen whether or not such 
a posture will be associated with any increase in 
hip pathology. Certainly, swaddling infants 
with the legs in adduction and extension has a 
well recognised association with dislocation of 
the hip, and the frog position is that normally 
adopted for the treatment of this condition. Yet 
another potential hazard of adduction of the legs 
in the prone position is deformation of the 
weight bearing forefoot to produce metatarsus 
varus or valgus. This tiresome deformity, which 
was very rare in the days when British babies 
were all nursed supine, has now become com- 
mon among prone preterm infants, unless 
nursed in the frog position. 

In summary, this is a subject that requires 
further investigation, but in the meantime 
paediatricians and neonatal nurses should be 
aware of the problem and take appropriate mea- 
sures to avoid deformation, including frequent 
changes in posture so that weight bearing forces 
are never allowed to persist for any length of 
time in one direction. 
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Doppler assessment of pulmonary artery pressure 
during recovery from hyaline membrane disease 


N J Evans, L N J Archer 


Abstract 

The changes in pulmonary artery pressure 
during recovery from hyaline membrane 
disease were studied by serial Doppler echo- 
cardiography on 37 preterm infants. Pulmon- 
ary artery pressure was assessed non- 
invasively by its inverse relationship with the 
ratio of pulmonary artery Doppler time to 
peak velocity and right ventricular ejection 
time. The pattern of rise in ratio after the 
acute phase of hyaline membrane disease 
divided into three types. In 25 infants the ratio 
returned to the normal range: in 12 (group 1) 
at the same time as the fractional inspired 
oxygen fell below 0-5 and in 13 (group 2) after 
a delay of at least 24 hours. In 12 infants 
(group 3) the ratio remained below the normal 
range during their hospital stay, suggesting 
pulmonary artery pressure remained high. 
Infants in group 3 were of significantly lower 
gestation and required oxygen treatment for 
significantly longer than infants in groups 1 
and 2. Persistently raised pulmonary press- 
ures in group 3 may reflect lung damage either 
directly affecting pulmonary vasculature or 
exerting a secondary effect on pulmonary vas- 
cular resistance through hypoxaemia. 


Pulmonary hypertension is a common and 
serious complication of bronchopulmonary 
dysplasia.’ Whether this is due to a primary 
effect of parenchymal lung damage sustained 
during mechanical ventilation or whether it is 
due to a secondary effect of chronic hypoxia 
remains unclear. High pulmonary artery press- 
ures during the acute phase of hyaline mem- 
brane disease have been documented by both 
direct and indirect methods.? ? Whether and 
when pulmonary artery pressure returns to nor- 
mal during the recovery period of hyaline mem- 
brane disease has not been studied. 

Doppler echocardiography provides a non- 
invasive method to assess pulmonary artery 
pressure. The ratio of time to peak velocity 
(TPV) and right ventricular ejection time 
(RVET) as measured from the pulmonary 
artery Doppler velocity time curve has a close 
inverse correlation with pulmonary artery press- 
ure. This association has been validated by com- 
parison with direct measurements in older chil- 
dren and adults.* 

We have previously reported the results of 
using these methods to study pulmonary artery 
pressure during the acute phase of hyaline 
membrane disease in a group of preterm 
infants.* In this paper we describe the results of 
using Doppler echocardiography to assess pul- 


monary artery pressure in the same group of 
infants through the recovery period until dis- 
charge from hospital. 


Methods 

All infants were studied using an ATL Ukra- 
mark 4 scanner with range gated pulsed Dop- 
pler. Two dimensional imaging was done with a 
7:5 MHz transducer which incorporates a 5 
MHz pulsed Doppler crystal. 

The procedure for each study was as follows. 
The pulmonary artery was visualised from the 
parasternal long axis view. The Doppler sample 
volume was placed just distal to the pulmonary 
valve and the Doppler pattern was recorded and 
frozen on screen. The time intervals were mea- 
sured using the incorporated Doppler measure- 
ment calipers, a print was then taken. TPV was 
measured as the time interval between the systo- 
lic Doppler waveform leaving the baseline and 
reaching its peak velocity. RVET was the time 
interval between the systolic waveform leaving 
and returning to the baseline. A mean of three 
systoles was taken. A second ‘blind’ observer 
repeated the measurements on 50 of the Dop- 
pler prints using a computer digitiser system. 
The correlation coefficient between the ‘on line’ 
and ‘blind’ measurements was 0°92. The ductus 
arteriosus was then visualised from the high left 
parasternal view. The Doppler sample volume 
was placed in the pulmonary end of the duct 
and the flow pattern recorded. The duct was 
assessed as closed when it could not be visual- 
ised and no flow could be detected on a pulsed 
Doppler search of the pulmonary end of the 
duct. 

Thirty seven preterm infants were studied. 
Mean gestation was 30°5 weeks (range 26-37 
weeks) and mean birth weight 1570 g (range 
720-2960 g). All infants had hyaline membrane 
disease, the parameters of disease severity are 
shown in table 1. No infant received muscle 
relaxants or inotropic support during the phase 
of the illness described in this paper. For the 
purposes of this study the acute phase of hyaline 
membrane disease was defined as the period 
until the fractional inspired oxygen (F103) had 
peaked and returned to below 0:5; these results. 
have been previously reported.* The recovery 
phase described in this paper was the subse- 
quent period until discharge from hospital. 
Infants were studied initially every 24 hours, 
this interval increased, as recovery continued, 
to approximately twice weekly. At the time of 
each study a record was kept of oxygen require- 
ments, ventilator settings, and most recent 
blood gases. Infants were studied until either 
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Table } Parameters of disease severity in the 37 infants 


Ventilated (n= 35) 
Maximum FIo,: 


Mean (range) maximum FIO; 0-79 
35-10) 


Mean (range) maximum mean airway 
pressure during acute phase 

Mean (range) length acute phase 

Median (range) ventilation time 


12°8 cm H,O (5°5-25°5) 
85 hours (12-234) 
184 hours (58-5880) 


they were spontaneously breathing air and the 
TPV:RVET ratio was within the normal range 
or until they were discharged from hospital. 
The normal range for TPV:RVET was derived 
from the postnatal steady state ratio achieved in 
a group of 19 healthy preterm infants (0°34 to 
0°41). 

Statistical analysis was by Student’s t, Mann- 
Whitney, and Wilcoxen tests, and linear regres- 
sion analysis. Significance was accepted at p 
values of <0°05. The study was approved by the 
Central Oxford research ethics committee. 


Results 

In all infants TPV:RVET ratio rose in the early 
recovery period above the levels seen during the 
acute phase. The pattern of change in 
TPV:RVET fell into three groups. In 12 
infants, group 1, the ratio rose rapidly into the 
normal range within 24 hours of the oxygen 
requirements falling (fig 1). In 13 infants, group 
2, there was a delay of more than 24 hours 
between the Fro, falling to below 0°5 and the 
ratio rising into the normal range (fig 2). The 


5 0-45 

TPV:RVET Normal 
range 
0-8 0-35 2 
= 
a 06 S 
0-25 3 
0-4 S 
FIO 
2 
02 0-15 
0 160 200 300 400 500 
Age {hours} 


Figure] F1ro,and TPV:RVET ratio plotted against 
postnatal age in an infant of 27 weeks’ gestation. This was 
typical of infants in group 1, where the ratio rose at the same 
time as Fro, fell. 
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Figure2 Fio,and TPV:RVET ratio plotted against 
postnatal age in an infant of 30 weeks’ gestation. This was 
typical of the infants in group 2, where there was a delay in 
the rise of the ratio. 
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Figure3 Fro,andTPV:RVET ratio plotted against 
postnatat age in an infant of 28 weeks’ gestation. This was 
typical of the infants in group 3, where the ratio did not rise 
into the normal range. 


median delay was 103 hours with a range from 
24 to 286 hours. And in 12 infants, group 3, the 
TPV:RVET did not rise into the normal range 
during the time of study (fig 3). The length of 
follow up of the infants in group 3 ranged from 
336 to 5880 hours (14 to 245 days) with a 
median of 1380 hours (58 days). The 
TPV:RVET ratio taken just before discharge, 
or in one case death, ranged from 0°19 to 0°33 
with a mean of 0°26. Eleven of these infants 
were breathing air at the time of discharge. One 
infant developed severe bronchopulmonary dys- 
plasia requiring continuing ventilation in an 
Fro, of 0°5; this infants TPV:RVET was 
between 0°19 and 0°24 for most of the recovery 
period. He died in right heart failure at 35 
weeks of age. Six of the 12 infants in this group 
showed a similar pattern of change in TPV: 
RVET as is shown in fig 3. In the early recovery 
period the ratio rose towards the normal range 
but fell as the recovery period continued. In the 
other six infants, which included the infant with 
severe bronchopulmonary dyplasia, the ratio 
remained at a relatively consistent low level 
throughout the recovery period. 

There were slight differences in the mean 
heart rate at the time of study. Mean (SD) heart 
rate for the healthy infants was 144 (15). The 
mean heart rates in groups 2 and 3, respectively 
155 (14) and 157 (17), were higher than that in 
group 1 (135 (18)). Apart from between groups 
2 and 3, the differences in mean heart rate 
between the groups were significant, p<0-°01. 
There was no correlation between TPV:RVET 
and heart rate, either overall or within each 
group. 

Table 2 compares variables of respiratory dis- 
ease severity and maturity between the three 
groups. The median gestation was progressively 
significantly lower between the groups 1 
through to 3. Group 1 had significantly higher 
median birth weight than group 3. Each infant’s 
mean acute phase ratio was significantly lower 
in group 2 than group 1 but was not signifi- 
cantly lower in group 3. The differences in time 
to duct closure were not significant, but groups 
2 and 3 were ventilated for-significantly longer 
than group 1. The infants in group 3 required 
oxygen treatment for significantly longer than 
groups | and 2 with all but two of them requir- 
ing extra inspired oxygen for more than 28 days 
(672 hours). 
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Table 2. Maturity and clinical course in the three groups 

Group I Group 2 Group 3 Significance 

(n=12) (n=13) (n=12) (p value) 
Median (range) gestation (weeks) 34 (27-37) 30 (28-34)* 28 (26-34)" <0°05 
Median (range) birth weight (g) 2400 (900-2960)* 1200 (900-2300) 1050 (720-2350)* <0°05 
Mean (SD) acute TPV:RVET 0°27 (0°026}* 0-23 (0-032)* 0-25 (0-037) <0°01 
Mean (range) time duct closure noted (hours) 108 (24-264) 152 (12-336) 151 (13-984) NS 
Median (range) duration ventilation (hours) 116 (0-408)* ** 285 (74-1224)** 844 (98-5880)* <0-01 


Median (range) time in oxygen (hours) 


189 (112-408)** 170 (76~1224)* 1128 (260-5880)* ** <0-001 


*For each parameter there are three statistical pairings: when all are significantly different, each group has an asterisk; when two pairs 


are different, one pair has one and the other two asterisks. 


Discussion 

The two factors other than pulmonary artery 
pressure which will affect the TPV of pulmon- 
ary artery flow are heart rate and myocardial 
contractility. As the heart rate increases the 
TPV will be reduced.° This effect is reduced, 
but not eliminated, by expressing the TPV as a 
ratio to RVET. We could find no association 
between heart rate and TPV:RVET within this 
study though there were small but significant 
differences between the mean heart rates of the 
groups of infants with hyaline membrane dis- 
ease and the healthy infants. From the data of 
Serwer et al,° we would expect the differences in 
mean heart rate between the groups to reflect in 
a change in TPV:RVET of about 0°01. It is 
unlikely that this would affect the results descri- 
bed in this paper. Reduced myocardial contrac- 
tility will prolong the TPV. Right ventricular 
function was not formally assessed in this study. 
However only the infant who died was consi- 
dered to have reduced right ventricular contrac- 
tility on imaging. 

Eleven of the 37 infants in this study still had 
Doppler evidence of high pulmonary artery 
pressure at the time of their discharge from hos- 
pital. Despite this, at discharge these infants 
were breathing spontaneously in air. The pro- 
longed need for oxygen treatment and the lower 
gestation of this group would suggest that these 
were the infants who had sustained a degree of 
damage to their lungs during the acute phase of 
their illness. Respiratory problems are common 
after discharge from neonatal intensive care and 
abnormalities of respiratory function can be 
detected up to 7 years of age.’ It seems likely 
that there is a range of damage sustained by the 
lungs during ventilatory support for hyaline 
membrane disease, with only the more severe 
form manifesting as a continuing recognised 
requirement for ventilation and oxygen treat- 
ment. Pulmonary hypertension has been well 
documented as a complication of these severe 
forms of bronchopulmonary dysplasia.’ One 
infant in the group that we studied developed 
severe bronchopulmonary dysplasia; that infant 
had a persistently very low TPV:RVET and 
died at 35 weeks of age in right ventricular fai- 
lure. Our data would suggest that there is also a 
range of raised pulmonary vascular resistance; 
and that even milder degrees of lung damage, 
which do not require long term oxygen treat- 
ment, have continuing evidence of raised pul- 
monary artery pressure. 

In bronchopulmonary dysplasia some of the 
raised pulmonary vascular resistance probably 
results directly from parenchymal lung damage 
but there is evidence that it may in part be a 
secondary effect of hypoxia.’ Hypoxia is a 


potent pulmonary vasoconstrictor and, if chro- 
nic, may lead to alteration in the structure of the 
pulmonary vascular bed. Such changes have 
been seen at necropsy in cases of bronchopui- 
monary dysplasia.® In addition, catheter studies 
in infants with severe bronchopulmonary dys- 
plasia have shown that in many cases pulmonary 
artery pressure will fall if 100% oxygen is 
inspired.! In half the infants in group 3 of our 
study, the TPV:RVET fell as the recovery 
period continued. It seems possible that border- 
line low levels of oxygen or unrecognised hypo- 
xaemic periods may be sustaining high pulmon- 
ary artery pressure in those infants. Pulse 
oximetry provides a good non-invasive means to 
monitor oxygenation in those infants.” It may be 
that continuous monitoring of infants who have 
had a prolonged need for oxygen treatment 
should become routine, even after transfer into 
air. The presence of a low TPV:RVET ratio 
may provide a further pointer to those infants in 
whom particularly close attention to oxygena- 
tion is needed. Further study is required to 
clarify those points. 

Further study is also needed to follow up a 
group of these infants beyond their discharge 
from hospital. Firstly, to establish whether and 
when the ratio returns to the normal range and 
secondly, to see if a low ratio is associated with a 
higher risk of postneonatal respiratory prob- 
lems. 


We thank Dr Andrew Wilkinson and Dr Peter Hope for their 
help and encouragement and for allowing us to study infants 
under their care. We also thank Sheila Hayes for typing the 
manuscript. 
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Absent or reversed end diastolic flow velocity in the 
umbilical artery and necrotising enterocolitis 


G Malcolm, D Ellwood, K Devonald, R Beilby, D Henderson-Smart 


Abstract 

Absent or reversed end diastolic flow 
(AREDF) velocities in the umbilical artery 
were identified in 25 high risk pregnancies. In 
six pregnancies the fetus was abnormal and all 
but one of these ended in perinatal death. Of 
the 19 morphologically normal fetuses, three 
died in utero and there were four neonatal or 
infant deaths. The mortality rate was 48% for 
all pregnancies and 37% for those with mor- 
phologically normal fetuses. There was a 
highly significant increased risk for the 
development of necrotising enterocolitis in 
those morphologically normal fetuses with 
AREDF (53%) compared with controls (6%) 
who did have umbilical artery end diastolic 
flow velocities in fetal life. There were no sig- 
nificant differences between the matched 
pairs for parameters of neonatal outcome cho- 
sen to reflect neonatal morbidity. These find- 
ings demonstrate the close association be- 
tween AREDF and necrotising enterocolitis 
that appears to be independent of other vari- 
ables such as degree of growth retardation, 
prematurity, and perinatal asphyxia. 


Doppler ultrasound technology has made it pos- 
sible to study the flow characteristics of the fetal 
circulation.’ Over the past decade many data 
have been reported which link abnormal umbi- 
lical artery flow velocity waveforms with growth 
retardation and perinatal asphyxia.* ? However, 
the exact role for such measurements in the 
management of high risk pregnancy remains 
unclear.* Recent reports have suggested an asso- 
ciation between very abnormal umbilical artery 
and fetal aorta Doppler studies showing absent 
or reversed end diastolic flow (AREDF) veloci- 
ties and severe neonatal morbidity including 
necrotising enterocolitis. © This may simply 
reflect the fact that very growth retarded, pre- 
term fetuses are more likely to demonstrate 
AREDF and will often develop necrotising 
enterocolitis. This paired analysis study was 
designed to test the hypothesis that it is 
AREDF, independent of growth retardation 
and prematurity, which predisposes to necrotis- 
ing enterocolitis. 


Methods 

Over a three year period (April 1987 to April 
1990) over 1000 high risk pregnancies were 
monitored by the recording of flow velocity 
waveforms from the umbilical artery. All fetu- 
ses were studied using a GE RT3600 ultrasound 
system with pulsed Doppler. Waveforms were 


obtainéd using a 5 MHz phased array sector 
transducer, and a 100 Hz wall filter was used. In 
each study waveforms were continuously dis- 
played until an optimum signal was obtained 
and then five consecutive waveforms selected 
for analysis. Waveforms were analysed for both 
maximum systolic:minimum diastolic ratio 
(A:B ratio) and pulsatility index.’ The results of 
Doppler studies were not revealed to obstetri- 
cians or neonatologists involved in the manage- 
ment of these pregnancies. The study was 
approved by the hospital ethics committee and 
all patients gave informed consent. 

From these pregnancies 25 cases were identi- 
fied in which there was AREDF in the umbili- 
cal artery. Liveborn fetuses without congenital 
malformations were subjected to analysis of 
parameters of neonatal outcome. One neonate 
who survived two hours only was excluded from 
further analysis. These neonates were matched 
for gestational age and birth weight with neon- 
ates in whom Doppler studies had consistently 
shown end diastolic flow in the umbilical artery 
before delivery. Controls were drawn from the 
nursery population during the same time period 
as the cases and were chosen for best fit for both 
birth weight and gestational age. . 

For the matched pairs the following were 
analysed as dichotomous variables: 

(1) Respiratory distress defined as over six 
hours supplemental oxygen or respiratory sup- 
port. 

(2) Perinatal asphyxia defined as any one of 
these criteria: cord arterial pH <7'15, base 
deficit >9 mmoi/l, Apgar score <4 at one 
minute or 7 at five minutes. 

(3) Neutropenia (<2 x 1077/1 neutrophils) and/ 
or thrombocytopenia (<100 x 107/I platelets) on 
initial blood count. 

Necrotising enterocolitis was classified as 
none, suspect, or proved. The suspect group 
had the clinical features of necrotising entero- 
colitis (that is, abdominal distension, bile 
aspirates or vomiting, blood in the stools, and 
systemic illness) and were treated with parente- 
ral nutrition and antibiotics. Proved cases had 
in addition the radiological features of pneuma- 
tosis coli, perforation, or gas in the portal circu- 
lation. Laparotomy or necropsy evidence was 
also classified as proved necrotising enterocoli- 
tis. 

Neonatal radiographs and ultrasound scans 
were reviewed by a paediatric radiologist with- 
out knowledge of the clinical history. All the 
neonates less than 32 weeks’ gestation, all venti- 
lated neonates, and all those with abnormal 
neurological signs received routine cranial ultra- 
sound examinations in this nursery. The num- 
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ber of days of positive pressure ventilation and 
maximum supplemental oxygen concentration 
were analysed as continuous, non-parametric 
variables. Birth weights, all being below the 
20th centile, were treated as continuous, non- 
parametric variables. Birth weight and head cir- 
cumference at birth were standardised to the 
normal population before analysis.® Statistical 
methods used were the Wilcoxon rank sum test 
for continuous variables, McNemar’s test for 
paired dichotomous outcome variables, and 
Fisher’s exact test for unpaired dichotomous 
outcome variables. For the necrotising entero- 
colitis data proved and suspected cases were 
combined and the data analysed as matched 
pairs by McNemar’s test. 


Results 

During this period 25 pregnancies were identi- 
fied in which fetuses showed AREDF. The pre- 
gnancies were complicated by hypertension (n= 
11), obstetric lupus syndrome (n=3), unex- 
plained growth retardation (n=3), renal failure 
(n=1), twins (n=1), and congenital malforma- 
tions (n=6). Those with congenital malforma- 
tions have been excluded from further analysis. 
Of the 19 morphologically normal fetuses three 
died in utero and one died within 24 hours of 
birth, leaving 15 neonates (the cases) to be 
matched with controls. The overall mortality in 
fetuses with AREDF was 48% (12/25). Exclud- 
ing congenital malformations the mortality was 
37% (7/19). The three neonates from the case 
group of 15 who died did so at 42, 180, and 190 
days respectively. The causes of death were 
complications of fulminating necrotising enter- 
ocolitis in the first of these and chronic lung 
disease in the second and third. There were 
no deaths in the control group. 


MATCHED PAIRS 
The gestational age at delivery ranged from 26- 


Table 1 Details of case-control pairs 
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35 weeks (mean (SD) 30°5 (2°95) weeks) for the 
cases and 26-34 weeks (mean (SD) 30:4 (2°85) 
weeks) for the control group. The birth weight 
ranged from 504-1635 g (mean (SD) 1059 (343) 
g) in the cases and 515-1748 g (mean (SD) 1079 
(353) g in the control group. There were no sig- 
nificant differences between the cases and con- 
trols for birth weight (p=0'85) or gestational 
age (p=0-82) by Wilcoxon rank sum test. There 
were eight boys and seven girls in the cases and 
four boys and 11 girls in the control group. 

The characteristics of the matched pairs are 
shown in table 1. Table 2 shows the incidence of 
proved or suspect necrotising enterocolitis in 
the two groups. There is a highly significant 
increase in the incidence of necrotising 
enterocolitis in neonates who demonstrated 
AREDF (77=5-14, df 1, 0:05>p>0:01 by 
McNemar’s test). 

When matched pairs were examined for the 
presence of asphyxia there were five discordant 
pairs but in four of these the direction was 
towards the control. Similarly for respiratory 
distress there were six discordant pairs with the 
direction being towards the control in five. 


Table 2 Incidence of necrotising enterocolitis 


Proved Suspect None 
Cases 5 3 7 
Controls l 0 14 


Table 3 Morbidity assessed by days of positive pressure 
ventilation and maximum supplemental oxygen 

Day of ventilation Maximum oxygen 
concentration (%) 


Mean (SD) Range Mean (SD) Range 
Cases 14 (30) 0-100 41 (24) 21-100 
Controls 9 (13) 0-40 54 (32) 21-100 


There were no significant differences between the matched pairs 
for days of ventilation (p=0°62) and maximum oxygen concentra- 
tion (p=0°27) by the Wilcoxon rank sum test. 





Pair Sex Birth Gestational Head 
weight age circumference 
(g) (weeks) (cm) 
1 Case F 670 28 23°8 
Control F 680 28 23°5 
2 Case F 1635 35 30:2 
Control F 1748 34 30°5 
3 Case M 800 28 25°0 
Control F 846 28 25°0 
4 Case M 1305 34 28:0 
Control F 1235 33 28-5 
5 Case F 1400 33 28°5 
Control F 1540 33 28:7 
6 Case M 920 28 25-0 
Control F 860 28 25-0 
7 Case F 540 27 20:9 
Control M 515 27 22°5 
8 se M 967 31 274 
Control F 1055 32 26°0 
9 Case M 1100 30 27-5 
Control M 1175 30 277 
10 Case M 623 26 230 
Control F 654 26 25°0 
il Case M 1047 29 271 
Control F 1114 29 26-1 
12 Case F 875 29 25-5 
Control M 910 28 250 
13 Case F 1500 34 29-5 
Control M 1375 34 31-2 
14 se M 1470 34 310 
Control F 1480 34 28°5 
15 Case F 1069 32 26-1 
Control F 995 32 27°5 


Asphyxia Respiratory Necrotising Neutropenia! 


distress enterocolitis thrombocytopenia 
Yes No Suspected Yes 
Yes Yes None es 
No No Proved Yes 
No No None No 
No Yes Proved Yes 
Yes Yes None Yes 
No No None Yes 
No No None No 
No No None Yes 
No Yes None No 
No Yes None No 
No Yes None No 
No Yes Suspected Yes 
Yes Yes None Yes 
No No Suspected No 
No No Proved No 
No No None Yes 
Yes Yes None Yes 
Yes Yes None No 
Yes Yes None No 
No No Proved No 
Yes Yes None No 
Yes No Proved Yes 
Yes Yes None Yes 
No No None Yes 
No No None No 
No No None No 
No No None No 
Yes Yes Proved Yes 
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However, for haematological abnormalities the 
five discordant pairs were all in the direction of 
the cases. This just fails to reach significance at 
p=0-07 (McNemar’s test). There were no signi- 
ficant differences between the matched pairs for 
neonatal morbidity assessed by days of positive 
pressure ventilation or maximum supplemental 
oxygen concentration (table 3). There were two 
cases of periventricular haemorrhage (one grade 
3 and one grade 4), both in the index group. 


Discussion 

These data clearly demonstrate the poor out- 
come in pregnancies in which umbilical artery 
blood flow shows AREDF, with a corrected 
mortality rate of 37% in this series. This figure 
is the same as that arrived at by Pearce in a 
meta-analysis of a number of studies of similar 
pregnancies.° Moreover, the poor neonatal out- 
come suspected from these uncontrolled series 
is confirmed by a paired analysis which shows 
the highly significant increased risk for liveborn 
fetuses of developing necrotising enterocolitis. 
By analysing other parameters of neonatal out- 
come that may predipose to necrotising 
enterocolitis, such as standardised birth weight, 
gestational age, asphyxia, and need for ventila- 
tor support it appears that this increased risk of 
necrotising enterocolitis may be independent of 
these other variables. Larger numbers of 
patients may have revealed a significant associa- 
tion between necrotising enterocolitis and 
haematological abnormalities such as neutrope- 
nia and thrombocytopenia. 

The conclusion can be drawn that it is not 
just the smallest and sickest neonates who show 
AREDF and then go on to develop necrotising 
enterocolitis. Therefore, it may be inferred that 
the presence of AREDF must have some signifi- 
cance for the aetiology of necrotising enterocoli- 
tis. Although there is no unifying concept of the 
aetiology of necrotising enterocolitis, underper- 
fusion and/or hypoxia of the gut are thought to 
be among the more important aetiological 
factors.” An association between fetal comprom- 
ise and redistribution of fetal blood flow has 
been demonstrated by analysis of internal caro- 
tid and umbilical artery Doppler studies.’° It 
has been proposed that blood flow redistribu- 
tion to the head, myocardium, and adrenals 
may explain the ‘brain sparing’ effect seen in 
some growth retarded neonates.!! This redistri- 
bution may predispose the neonate to necrotis- 
ing enterocolitis by sacrificing flow in the 
descending aorta and consequently in the splan- 
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chnic circulation. The mechanism of ‘head spar- 
ing’ may therefore predispose the fetus to necro- 
tising enterocolitis. Analysis of the ratio of stan- 
dardised head circumference to standardised 
birth weight does not, however, show a differ- 
ence either between the two groups or within 
the index group between those with and without 
necrotising enterocolitis. This may be explained 
by the early onset of growth retardation in many 
of these cases. Further study of blood flow 
redistribution using Doppler is warranted. The 
demonstration of AREDF places the fetus at 
high risk of perinatal or infant death. ‘The neon- 
ate is also at considerable risk of developing nec- 
rotising enterocolitis. Neonatologists should be 
alerted to this finding to facilitate preventative 
treatment or early detection of necrotising 
enterocolitis. 

AREDF could also be used in case finding for 
prospective, controlled trials of necrotising 
enterocolitis prevention or treatment. Obstetri- 
cians should also be aware of the high incidence 
of fetal abnormality in the growth retarded fetus 
with AREDF. 


We would like to thank Dr J Anderson and Dr A Boogert for 
allowing us to study their patients. We also thank Ms Deborah 
Edwards for statistical advice. 
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Fibrinolysis in cerebrospinal fluid after 
intraventricular haemorrhage 


A Whitelaw, L Creighton, P Gaffney 


Abstract 

Concentrations of cross linked fibrin degrada- 
tion products were measured in the cerebros- 
pinal fluid from five ‘normal’ preterm infants 
(median 102 ng/ml), four preterm infants with 
intraventricular haemorrhage (median 315 ng/ 
mi), and five infants with progressive post- 
haemorrhagic ventricular dilatation (median 
1000 ng/ml). Serial samples of cerebrospinal 
fluid from one infant showed a peak concen- 
tration two weeks after the haemorrhage. 


Posthaemorrhagic ventricular dilatation (PHVD) 
occurs after intraventricular haemorrhage 
(IVH) in preterm infants and is assumed to be 
caused by small particles of blood clot obstruct- 
ing the flow of cerebrospinal fluid through the 
ventricular system, basal cisterns, and arach- 
noid villi on the surface of the cerebral hemi- 
spheres. Little is known about the natural 
mechanisms by which the body clears clots from 
the cerebrospinal fluid. Masuda et al concluded 
that fibrinolytic activity started to increase three 
to five days after experimental intracerebral 
haematoma and increased for seven to 10 days, 
decreasing after 21 to 28 days.’ We have carried 
out a study to determine whether there is 
evidence of natural fibrinolysis in the cerebros- 
pinal fluid after IVH. 


Patients and methods 

COLLECTION OF SAMPLES OF CEREBROSPINAL 
FLUID 

Normal preterm infants 

Because of clinical instability, five preterm 
infants underwent lumbar puncture (one on two 
occasions) to exclude infection; they were sub- 
sequently found to be free from both infection 
and intraventricular haemorrhage. For ethical 
reasons completely healthy infants could not be 
subjected to lumbar puncture purely for 
research purposes. 


Intraventricular haemorrhage 

Four preterm infants with IVH (without 
PHVD) visible on cranial ultrasound scan 
underwent lumbar puncture to exclude infec- 
tion. 


Intraventricular haemorrhage progressing to 
PHVD 

The definition of PHVD was ‘ventricular width 
expanding after IVH to 4 mm over the 97th 


"(Arch Dis Child 1991:66:808-809) centile’ which was the same definition as that 


used in the multicentre trial of early tapping” 
and in a textbook of neonatal neurology.” Five 
preterm infants required repeated tapping to 
control cerebrospinal fluid pressure and exces- 
sive head growth. After the first therapeutic 
lumbar or ventricular tap, fluid was kept frozen 
for analysis of cross linked fibrin degradation 
products. In one infant, who had eight lumbar 
punctures (either for diagnostic or therapeutic 
purposes) a sample of fluid from each lumbar 
puncture was kept for analysis of concentrations 
of cross linked fibrin degradation products. 


MEASUREMENT OF FIBRINOLYTIC ACTIVITY 

Assays of cross linked fibrin degradation products 
This assay was performed directly on cerebros- 
pinal fluid using the procedure described by 
Gaffney et al,* with the following modification. 
The polyvinyl plates were coated with a catcher 
monoclonal antibody, mab NIBn-123 (10 ug/ 
ml), which has a similar specificity to the 
monoclonal antibody used in the original assay; 
a detector (tag) polyclonal antibody to human 
fibrinogen (Dakopatts), which was labelled with 
horseradish peroxidase, was also used. Sensi- 
tivity of the assay was in the range 3-5000 ng/ 
ml. 


Results 
The table shows that after IVH the concentra- 


Median concentrations of cross linked fibrin degradation 
products in cerebrospinal fluid in normal infants and those 
with IVH and PHVD 


No of Cross linked fibrin 
infants degradation products 
(ng/ml) 
Median Range 

Normal preterm infants 5 102 20-252 
IVH 4 315 280-410 
PHVD | 5 1000 405-5000 
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Serial concentrations of cross linked fibrin degradation 
products in the cerebrospinal fluid of an infant who developed 
posthaemorrhagic ventricular dilatation and was treated by 
serial tapping. 


Fibrinolysis in cerebrospinal fluid after intraventricular haemorrhage 


tions of cross linked fibrin degradation products 
were considerably higher than in the ‘normal’ 
preterm infants. In the five infants who develo- 
ped PHVD, the concentrations were even 
higher than in those with haemorrhage alone. 
The figure shows the serial concentrations in an 
infant who developed PHVD after IVH, which 
resolved after repeated lumbar punctures. It can 
be seen that the concentrations peaked at about 
two weeks. 


Discussion 

These preliminary investigations show that pre- 
term infants actively attempt to lyse blood clot 
in the cerebrospinal fluid. There is some evi- 
dence of fibrinolytic activity in ‘normal’ infants 
but this is increased in those who have had an 
intraventricular haemorrhage. Larger haemor- 
rhages that lead on to ventricular dilatation 
seem to elicit a greater fibrinolytic response. 
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The peak of fibrinolysis after about two weeks 
in the infant whose results are shown in the 
figure confirms the fibrinolytic peak found by 
Masuda et al.' We found no evidence to suggest 
that the infants who developed PHVD had 
decreased fibrinolytic activity. 

We are currently investigating the possibility 
of preventing PHVD by increasing intraventri- 
cular fibrinolysis. 
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Erythropoietin responsive progenitors in anaemia 


of prematurity 


A JB Emmerson, N B Westwood, RA Rackham, C M M Stern, TC Pearson 


Abstract 

Circulating erythroid progenitors (BFU-E) 
in five anaemic preterm infants (haemoglo- 
bin<100 g/l) were about 2 and 4-4 times as 
abundant as in 10 preterm infants who were 
not anaemic and five healthy adults, respec- 
tively, and were significantly more responsive 
to low concentrations of recombinant human 
erythropoietin (rHuEpo) than those from 
healthy adults. These results encourage 
further studies in the use of rHuEpo for the 
treatment of the anaemia of prematurity. 


There is interest in the use of recombinant 
human erythropoietin (rHuEpo) for the preven- 
tion and treatment of anaemia of prematurity, 
which is an hyporegenerative anaemia associ- 
ated with low concentrations of erythropoietin. ! 
The clinical efficacy of this hormone for the 
treatment of anaemic premature infants has not 
yet been shown, though one uncontrolled study 
suggests that it may increase the packed cell 
volume.” 

Progenitors committed to the erythroid line 
can be recognised in cell culture systems. These 
are of two types: the primitive progenitor, the 
erythroid burst forming unit (BFU-E), which is 
found in the peripheral circulation, and the 
more mature progenitor, the erythroid colony 
forming unit (CFU-E), which is predominantly 
found in bone marrow. In this study we report 
the relative numbers of BFU-E progenitors in 
infants with the anaemia of prematurity, and 
their response to various doses of rHuEpo, 
compared with those of progenitors that are 
present in healthy adults and cord blood from 
term infants. 


Patients and methods 

Two millilitres of venous blood were drawn into 
preservative free heparin from each of 10 prem- 
ature infants who were not anaemic and five 
who were anaemic (haemoglobin <100 g/l). 
Five cord blood samples from normal term 
infants and samples from 10 healthy adult 
volunteers were collected for comparison. The 
progenitors were separated by centrifugation 
over a Ficoll metrizoate density barrier (1077 
g/l); 1X10° cells from the light density cell 
fraction were cultured for 14 days at 37°C under 
5% carbon dioxide in air in a serum free culture 
medium with a 2:2% methyl cellulose base, and 
containing Iscove’s modified Dulbecco’s 
medium, bovine serum albumin, cholesterol, 


(Arch Dis Child 1991;66:810-811) sodium pyruvate, transferrin, 1-glutamine, nuc- 


leosides, insulin, inorganic salts, and antibio- 
tics. This system had previously been validated 
in our laboratory for the growth of erythroid 
progenitors in blood samples from premature 
infants (submitted for publication). 

Six doses of rHuEpo from 0-2IU were added 
to the culture dishes containing a total volume 
of 1 ml, and all cultures were done in duplicate. 
The BFU-E were counted through an Olympus 
CK2 tissue culture microscope and the number 
of circulating erythroid progenitors was derived 
from the dishes containing 2IU/ml of rHuEpo. 
The significance of differences was assessed by 
Wilcoxon’s rank sum test. Ethical approval was 
given by the local ethics committee. 

The baseline measurements for the prema- 
ture infants are shown in table 1. All infants 
were well and were not being ventilated. No 
blood transfusions had been given within a 
week of the blood samples being taken. 


Results 

The results show that in the five infants with 
anaemia of prematurity there were 4-4 times the 
concentration of circulating erythroid progeni- 
tors found in normal healthy adults (p=0-01, 
table 2). There are twice the number of circulat- 
ing BFU-E progenitors in anaemic infants 
(35:5) than in infants who were not anaemic 
(17-5) although this is not significant. 

In addition, neonatal progenitors respond at 
least as well to rHuEpo as those from adult or 
cord blood (figure). At the low ‘concentrations 
of 0-1 and 0°5 IU/ml of rHuEpo there is a 
significant difference between the responsive- 
ness of progenitors from anaemic preterm 
infants and those from healthy adults (p=0-05). 


Table I Characteristics of the preterm infants studied. 
Values are expressed as mean (SD) 


Anaemic Infants 

infants not anaemic 

(n=5) (n=10) 
Gestational age (weeks) 31:1 (2:2) 29-7 (3°9) 
Age at time of study (days) 35°4 (15:6) 27:2 (17:7) 
Birth weight (g) 1670 (450) 1440 (450) 
Haemoglobin concentration (g/l) 88 (9) 143 (33) 


Table 2 Median (upper and lower quartile) numbers of 
circulating erythroid progenitors (BFU-E )/1@’ mononuclear 
cells at 21U/ml recombinant erythropoietin 


Subjects Median (quartiles) 


Anaemic infants (n=5) 35°5 (17°4~52°4)* 
Infants not anaemic (n=10) 17-5 (85-219) 
Cord blood from term infants (n=5) 10:5 (8:5-11-0) 
Healthy adults (n=10) 8-0 (2:0-17°0) 


*p=0-01 compared with healthy adults. 
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Recombinant human erythropoietin (rHuEpo) dose response 
curves for circulating erythroid progenitors (BF U-E) from 
peripheral blood samples from anaemic preterm infants with 
haemoglobin (Hb) concentrations of <100 g/l and 
non-anaemic preterm infants, cord blood from term infants, 
and healthy adult volunteers; *p=0-05 for difference 
between the results for preterm infants and healthy adults. 


There is no significant difference at concentra- 
tions of rHuEpo of 1 IU/ml and above. 


Discussion 
The most important factor that affects the 
growth and development of the erythroid line is 
erythropoietin. Since the characterisation of 
rHuEpo by Jabobs et al,* and its commercial 
production, many therapeutic roles have been 
suggested for it. The high incidence of anaemia 
of prematurity, which has considerable morbid- 
ity, and the reported low concentrations of 
endogenous erythropoietin,' imply that this 
hormone may be a possible alternative treat- 
ment for the anaemia of prematurity. 

The current treatment of transfusion with 
adult blood is unsatisfactory as there are many 
complications, including the risk of transmis- 
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sion of infective agents (especially cytomegalo- 
virus), difficulties of venous access, and the 
further suppression of natural erythropoiesis." 
An alternative treatment that would reduce or 
prevent the requirement for transfusion would 
be welcomed. 

Rhondeau et al have reported dose response 
curves for the erythroid progenitor that is 
mainly found in bone marrow, CFU-E, and has 
shown that the CFU-E from the marrow of 
premature infants are as responsive to rHuEpo 
as those from cord blood from term infants and 
from heafthy adult marrow. The present studies 
show both a significant increase in the numbers 
of circulating erythroid progenitors in anaemic 
premature infants, and an increased responsive- 
ness of these progenitors to rHuEpo compared 
with adult BFU-E. These findings lend weight 
to the suggestion that there may be a role for the 
clinical use of rHuEpo in the prevention or 
treatment of anaemia of prematurity. 


1 Stockman JA II, Graeber JE, Clark DA, McClellan K, 
Garcia JF, Kavey REW. Anaemia of prematurity: deter- 
minants of the erythropoietin response. 7 Pediatr 19845105: 
786-92. 

2 Halpérin DS, Wacker P, Lacourt G, et al. Effects of re- 
combinant human erythropoietin in infants with the 
pt al of prematurity: a pilot study. 7 Pediatr 19905116: 


3 Migliaccio G, Migliaccio R. Cloning of human erythroid 
progenitors (BFU-E) in the absence of fetal bovine serum. 
Br F Haematol 1987;67:129-33. 

4 Jacobs K, Shoemaker C, Rudersdorf R, et al. Isolation and 
characterisation of genomic and cDNA clones of human 
erythropoietin. Nature 1985;313:806-10. 

5 Lang DJ, Valeri CR. Hazards of blood transfusion. Adv 
Pediatr 1977;24:3 11-38. 

6 Rondeau SM, Christensen RD, Ross MP, Rothstein G, 
Simmons MA. Responsiveness to recombinant human 
erythropoietin of marrow erythroid progenitors from 
infants with the anaemia of prematurity, F Pediatr 1988; 
112:935--40. 
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Preterm prelabour rupture of membranes 


David James 


The problem 

Unfortunately there are too many examples in 
obstetrics of very important conditions for 
which there is no consensus of professional 
opinion about definition, diagnosis, risks, and 
above all, management. Preterm prelabour rup- 
ture of the membranes (PPROM) ıs such a case. 

The best, most widely used, and simplest 
definition of PPROM is membrane rupture 
occurring before the onset of regular uterine 
contractions prior to 37 weeks’ gestation. Some 
authors add caveats, for example, about the 
interval between membrane rupture and the 
onset of labour or not including cases above 34 
weeks’ gestation. In general, these are unhelpful 
modifications to the definition. However, while 
not helpful for definition, these two factors— 
duration of membrane rupture and gestational 
age-—critically influence the risks and manage- 
ment of PPROM. 

The reported incidence of prelabour mem- 
brane rupture in all pregnancies varies from 1— 
10% depending on the population studied. 
However, if elective preterm deliveries and fetal 
death before labour are excluded, the incidence 
of PPROM in women delivering preterm is 
between 40-60%. The main independent risk 
factors for PPROM are antepartum vaginal 
bleeding, maternal smoking, and previous pre- 
term delivery. 

The aetiology and pathogenesis of PPROM 
are poorly understood. For example, it is not 
clear whether pregnancies complicated by spon- 
taneous preterm labour and delivery with 
PPROM should be regarded as different in 
these respects from cases without preceding 
membrane rupture. Factors claimed to be poss- 
ible causes of PPROM include infection, mem- 
brane collagen abnormalities, cervical incompe- 
tence, raised intrauterine pressure, and low 
membrane calcium and magnesium content. 
There have been many theories of the mechan- 
isms whereby these factors produce PPROM 
with much research currently involving platelet 
activating factor and prostaglandin metabolism 
in the membranes. As with most aspects of 
spontaneous preterm delivery, the explanation 
remains as elusive as ever. 

While the causes of PPROM are uncertain 
the risks are well known. The three serious 
complications, in order of importance, are pre- 
term labour and delivery and its consequences, 
infection, and pulmonary hypoplasia. Other 
important complications are various deformities 


due to oligohydramnios, placental abruption, 
cord compression (either due to cord prolapse 
or severe oligohydramnios), and mechanical 
difficulties at delivery. There is no information 
to indicate whether these risks are any different 
for ‘hindwater’ as opposed to ‘forewater’ 
PPROM thus in practice no distinction is made 
between the two. 


The problem of diagnosis 
The diagnosis of membrane rupture is not diffi- 
cult if there is liquor gushing from the vagina or 
the cervix on sterile speculum examination. 
However, in many instances this is not the case. 
A careful history is important, with special care 
being taken to distinguish PPROM from urin- 
ary incontinence. The presence of white flecks 
(vernix) or green coloration (meconium) of the 
the liquor may be a useful feature in the history. 
However, vernix and meconium are characteris- 
tic of term liquor and seldom found before 32 
weeks. If a sample of fluid is available for 
examination then it may be possible to decide 
whether it is liquor. Amniotic fluid contains 
protein and produces a typical fern like pattern 
when allowed to dry on a microscope slide; 
urine does not, but in contrast contains creati- 
nine and uric acid. The pH of liquor, at 7'1- 
7:3, tends to be higher than that of urine. 

A variety of tests have been developed specifi- 
cally to distinguish liquor not only from urine 
but also from vaginal secretions and other 
fluids, but they all have limitations. Some, 
including the ferning test, are of little value at 
preterm gestations. For example, the Nile blue 
test, which produces a positive result by detect- 
ing the presence of orange staining anucleate 
cells in liquor, has a false negative rate of 90% at 
36 weeks and 99% at 32 weeks. Detection of a 
fetoprotein using monoclonal antibodies should 
be more accurate at preterm gestations; 
however, it has not yet been adequately evalu- 
ated in clinical practice. The nitrazine test is 
probably the most widely used. The underlying 
principles are that nitrazine solution changes 
from yellow-green to dark blue at a pH of 6°5 
or more and while vaginal pH during pregnancy 
is normally between 4°5-6°0 that of liquor 
is usually alkaline. Unfortunately nitrazine 
can also turn blue when exposed to tap water, 
certain antiseptic solutions, cervical mucus, 
semen, blood, and alkaline urine. 

The transabdominal injection of various dyes 
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in order to ascertain whether they appear 
through the cervix as an invasive method of 
diagnosing membrane rupture is not without 
risk for the fetus and is not widely practised. 

Ultrasound evaluation of liquor volume has 
merit in theory. The presence of oligohydram- 
nios on scan with a history suggestive of mem- 
brane rupture would probably correctly confirm 
the diagnosis. However, in practice ultrasound 
is of limited value. To produce appreciable oli- 
gohydramnios on ultrasound, the clinical fea- 
tures are usually clear cut with liquor leak con- 
tinuing and oligohydramnios being obvious on 
abdominal palpation. In contrast, the com- 
moner clinical dilemma is where there has poss- 
ibly been a small leak which has stopped. In 
such cases ultrasound will not detect the small 
reduction of liquor volume. 


The problem of preterm delivery 

Preterm labour and delivery and its complica- 
tions (respiratory distress syndrome, intraven- 
tricular haemorrhage, and chronic lung disease) 
are the most common and important consequ- 
ences of PPROM. Approximately 60% of cases 
will go into labour within one week of PPROM 
at 24 weeks’ gestation or less; this figure rises to 
80% after 34 weeks. 

Because of the difficulties in accurate early 
diagnosis of intrauterine infection (see below) 
clinical management has concentrated on trying 
to assess the consequences of preterm delivery 
especially when PPROM occurs before 34 
weeks. Almost exclusively the evaluation has 
centred on fetal pulmonary maturity and the 
likelihood of respiratory distress syndrome. In 
this regard the traditional lecithin:sphing- 
omyelin ratio in amniotic fluid has proved unre- 
liable, especially when the liquor has been col- 
lected vaginally. Fortunately, phosphatidylgly- 
cerol is not found in any other body fluids than 
mature lung surfactant and thus its estimation is 
the test of choice in such circumstances. Of 
course, demonstration of fetal lung maturity 
does not necessarily mean that other consequ- 
ences of preterm delivery will not occur and that 
early elective delivery should be automatically 
undertaken. Arguably the main value of demon- 
strating fetal surfactant production is that 
maternal administration of steroids can be 
avoided (see below). At present the timing of 
elective delivery in PPROM even with fetal lung 
maturity is a matter of clinical judgment rather 
than on the basis of properly conducted rando- 
mised trials. In practice, most clinicians tend to 
be more conservative the more preterm the pre- 
gnancy and opt for elective delivery only after 
34 weeks. 
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The problem of infection 

The early diagnosis of intrauterine infection in 
PPROM is important yet difficult. The classical 
signs of maternal fever, maternal and fetal 
tachycardia, a tender uterus, and foul smelling 
liquor are probably relatively late features. 
Furthermore intrauterine infection is not the 
only explanation of maternal fever or maternal 
or fetal tachycardia. Another confounding fac- 
tor is that the discharge from fulminating aero- 
bic infection may be inoffensive. 

A number of laboratory methods have been 
introduced in an attempt to achieve earlier 
diagnosis of intrauterine infection with PPROM. 
In general they have proved unreliable. A 
summary of the tests is given in the table. Gram 
stain, white cell count, and culture of the liquor 
is probably the best of those available. But from 
where should the liquor be obtained for this 
bacterial examination? Collecting it vaginally is 
easier and identifying certain fetal pathogens 
such as group B streptococci, Escherichia colt, or 
bacteriodes, especially if single isolates, may be 
important. However, the usefulness of finding 
such organisms in planning subsequent 
management is not known. Negative cultures, 
on the other hand, are reassuring. Because of 
this dilemma of possible vaginal’ commensals 
contaminating liquor collected via that route, 
obtaining liquor by amniocentesis has been 
advocated to allow a more specific diagnosis of 
intrauterine infection. Unfortunately, there is 
no evidence to show that this approach is more 
accurate at diagnosing intrauterine infection. 
Furthermore, liquor is not obtained in 30-50% 
of cases and the procedure carries a risk to the 
fetus of trauma and the introduction of infec- 
tion. 

Of more recent interest are the observations 


that early intrauterine infection appears to be 
associated with disturbances in fetal behavioural 
physiology. Abnormalities of fetal heart rate 
monitoring (cardiotocography) and the fetal 
biophysical profile (concurrent recording of 
fetal heart rate, breathing, movements, tone, 
and liquor volume) correlate closely with 
proved intrauterine sepsis. These non-invasive 
tests have obvious advantages over amniocente- 
sis. However, at present it is not known 
whether use of these tests will prove to be help- 
ful in determining the appropriate management 
and improving fetal outcome. 


There is a widely held view that vaginal 
examinations in PPROM introduces or causes 
infection. Although there is a reported associa- 
tion of vaginal examinations and the develop- 
ment of sepsis, there are no controlled data to 
confirm or refute the view that this relationship 
is causal. There is no evidence as to whether 


Accuracy of prediction of intrauterine infection by laboratory tests in published studies (extracted from Ohlsson and Wang"). 


Results are shown as range 


Test Sensitivity Specificity Positive Negative 
predictive predictive 
value value 

(1) White cell count, band count (%) 23-80 61-98 40-75 40-91 

(2) C reactive protein (%) 37-100 44-100 10-100 50-100 

(3) Gram stain, white cells, and culture of liquor (%) 36--80 83-98 78-87 56-92 

(4) Leucocyte esterase (%) 8-83 84-100 4-100 68-92 


(5) Gas chromatography (%) 29-93 56-91 20-88 67-96 


Decimal places are omitted forclarity. The definition of ‘intrauterine infection’ varied. 
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digital or speculum examination is better. In 
general there are two alternative practices. 
Firstly, a sterile examination is performed on all 
cases of PPROM at presentation, though there 
are then differences of opinion as to how fre- 
quently examinations should be subsequently 
repeated. In contrast, other obstetricians main- 
tain that vaginal examinations should be carried 
out with PPROM only in active labour. There is 
no evidence to suggest which approach is 
superior. What is clear, however, is that vaginal 
examination should only be undertaken to 
obtain information that is unavailable by other 
means. 


The problem of pulmonary hypoplasia 
Preterm delivery is numerically the most impor- 
tant complication of PPROM but pulmonary 
hypoplasia due to oligohydramnios is in many 
ways more distressing. The prognosis for respir- 
atory distress syndrome in the preterm baby 
delivering after PPROM and after 28 weeks’ 
gestation is very good with over 90% survival 
rates due to measures such as ventilatory 
support and exogenous surfactant treatment. 
Pulmonary morphological development can be 
impaired with very preterm membrane rupture 
especially before 26 weeks. Thus a mother 
might spénd weeks in hospital, the membranes 
having ruptured before 26 weeks, only for the 
baby to be delivered, perhaps after 30 weeks, 
and dying from pulmonary hypoplasia. Theories 
of the pathogenesis of the condition include 
fetal compression reducing lung growth, 
decreased fetal breathing, and excessive loss of 
lung fluid. 

The problem before birth is that there is no 
reliable way of diagnosing pulmonary hypopla- 
sia. Fetal breathing movements, chest wall 
growth, and liquor volume measurements have 
all been advocated but all have limitations. In 
practice, an expectant approach is followed even 
if there is a strong suspicion that the condition 
may be likely to develop. For example, with 
membrane rupture early in the second tri- 
mester, continued fluid loss, and severe oli- 
gohydramnios then pulmonary hypoplasia is 
highly probable but not every case will result in 
the problem. 

Amnioinfusion (restoration of the amniotic 
fluid volume with, for example, N-saline) is an 
alternative approach to the problem currently 
under evaluation. Although there is evidence 
that such an approach may reduce caesarean 
section rates, fetal heart abnormalities, and fetal 
acid-base status in the presence of PPROM, it is 
not clear whether the overall outlook for the 
fetus is any better. The outcome of randomised 
controlled trials is awaited. 


The problem of management 

Since preterm labour and delivery are the main 
risks of PPROM, referral to a centre with facili- 
ties for neonatal intensive care, if these are not 
available locally, is generally accepted as wise 
management. There is, however, less agreement 
over other aspects of management of PPROM. 
Furthermore, a review of the published evi- 
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dence from controlled studies is complicated by 
factors such as the heterogeneous nature of 
study groups, possible selection bias, small 
numbers, uncontrolled and variable con- 
comitant treatment. Some generalisations are 
possible, however. 

There is no consistent evidence that the use of 
prophylactic antibiotics in PPROM reduces 
maternal infection risk before delivery, in- 
creases neonatal sepsis risk after delivery, or 
significantly prolongs pregnancy. The only 
proved benefit is that maternal infection rates 
after delivery are significantly reduced by anti- 
biotic prophylaxis. These observations together 
with the largely theoretical rather than proved 
consequences of the development of resistant 
strains and masking of infection in the newborn 
are probably the reasons for many authors not 
supporting the routine use of prophylactic 
antibiotics in PPROM. 

There is no proved benefit from the use of 
oral tocolytics in PPROM. The few comparative 
studies that have been published suggest a non- 
significant lower incidence of delivery within 48 
hours with their use but any such suggestion of 
benefit is lost when delivery rates at 10 days 
after PPROM are compared. 

There have been several trials of the use of 
maternally administered corticosteroids, such 
as dexamethasone, in PPROM and all have 
demonstrated a clear advantage of the treat- 
ment. Overall, treatment with such agents sig- 
nificantly reduced the risk of development of 
respiratory distress syndrome by approximately 
50%. However, in addition all the studies did 
demonstrate a trend to slightly higher neonatal 
sepsis rates, though this was not statistically sig- 
nificant. The conclusion from such work is that 


the benefits of corticosteroids would seem to 
outweigh the risks. 


Comparative studies have been made of 
‘active approach’ to delivery, namely inducing 
labour after corticosteroid treatment or as soon 
as there is evidence of fetal lung maturity, with 
the “conservative approach’ of waiting to a much 
later gestation such as 34 weeks before inducing 
labour or until spontaneous labour occurs. 
There are consistent trends in the published 
reports of higher rates of maternal sepsis, 
caesarean section, neonatal sepsis, respiratory 
distress syndrome, and neonatal mortality with 
the ‘active’ policy of early induction of labour 
and it would seem that it confers more harm 
than benefit. 

When spontaneous labour occurs after 
PPROM the correct approach is to allow it to 
proceed. There is circumstantial evidence to 
suggest that the event itself may be a manifesta- 
tion of ‘subclinical’ intrauterine infection. 
There is no evidence of benefit to mother or 
baby from the use of tocolytics in this circum- 
stance. The only exception to this view might 
be where uterine activity commences at a non- 
viable gestation such as below 24 weeks. 
However, there are no studies that have addres- 
sed this issue and if this approach is followed 
because ‘there is nothing to lose’, great vigilance 
must be maintained for infection. When sponta- 
neous labour occurs after PPROM and there is 
evidence of infection delivery must be allowed 
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to proceed. The chosen mode of delivery would 
be that appropriate for any equivalent preterm 
fetus without PPROM. That said, the issue of 
which is the best method for delivery of the pre- 
term fetus presenting by the breech is not 
resolved. Furthermore, there is some evidence 
that in the presence of infection caesarean sec- 
tion may carry a higher morbidity than vaginal 
delivery. Though there are no trials of the use of 
antibiotics before delivery in the presence of 
infection commonsense argues for their use as 
the objections are largely theoretical. 


Conclusions 

Although there are more divergent opinions 
over the management of PPROM than the sci- 
entific evidence can. support, the following 
general guidelines are suggested: 

(1) Accurate diagnosis and gestational age 
estimation are important at the outset. 

(2) Transfer to a tertiary referral centre 
should be considered if local facilities for neona- 
tal intensive care are not adequate. 

(3) Prolongation of the pregnancy to 32-34 
weeks (rather than active delivery after steroid 
treatment or evidence of fetal lung maturity) 
should be the.aim. 

(4) Surveillance should be maintained for: (a) 
intrauterine sepsis—with regular maternal pulse 
and temperature recordings, fetal heart rate, 
and behaviour monitoring and regular examina- 
tion of liquor collected vaginally (Gram stain, 
leucocyte count and culture); (b) fetal com- 
promise—not just from infection but from 
cord compression using the same regular moni- 


815 


toring techniques as for sepsis; and (c) uterine 
activity. 

(5) Corticosteroid: administration confers 
more benefit than harm, but the routine use of 
tocolytics or prophylactic antibiotics is not 
recommended. . 

(6) Vaginal examinations should be kept to a 
minimum and only be used where the informa- 
tion to be gleaned cannot be obtained by any 
other means. 

(7) Where infection occurs intravenous anti- 
biotics should be used and delivery by the nor- 
mal routé for that stage of pregnancy should be 
undertaken. 

Finally, further research is needed in the fol- 
lowing areas: 

(1) The relative risks of hindwater versus 
forewater membrane rupture. 

(2) More accurate methods of diagnosing 
intrauterine infection. 

(3) The use of prophylactic antibiotics in a 
selective manner (for example, with concurrent 
administration of corticosteroids). 

(4) Amnioinfusion. 


Suggestions for further reading 
l Keirse MJNC, Ohlsson A, Treffers PE, Kanhai HHH. 
Prelabour rupture of the membranes preterm. In: Chalmers 
I, Enkin M, Keirse MJNC eds. Effective care in pregnancy 
and childbirth. Oxford: Oxford University Press, 1989: 


666-93. 

2 Kilbride HW, Yeast JD, Thibeault DW. Intrapartum and 
delivery room management of premature rupture of 
membranes complicated by oligohydramnios. Clin Peri- 
natol 1989;16:863-88. 

3 Ohlsson A. Treatments of preterm premature rupture of the 
membranes: a meta-analysis. Am 7 Obstet Gynecol 1990; 
162:890-906. 
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Antenatal diagnosis of inborn errors of metabolism 


M A Cleary, J E Wraith 


The introduction of experimental treatment for 
lysosomal storage disorders and the increasing 
understanding of the molecular defects behind 
many inborn errors have overshadowed the fact 
that for many affected families the best that can 
be offered is a rapid, accurate prenatal diag- 
nostic service. Many conditions remain at best 
only partially treatable and as a consequence the 
majority of parents seek antenatal diagnosis in 
subsequent pregnancies, particularly for those 
disorders resulting in a poor prognosis in terms 
of either life expectancy or normal! neurological 
development. 

The majority of inborn errors result from a 
specific enzyme deficiency, but in some the 
primary defect is in a transport system or 
enzyme cofactor. In some conditions the 
biochemical defect is limited to specific tissues 
only and this serves to restrict the material avail- 
able for antenatal diagnosis for these disorders. 
Fortunately for many inborn errors the metabo- 
lic defect is generalised and both amniotic and 
chorion villus cells can be used as a diagnostic 
tissue. 

Before contemplating prenatal diagnosis it is 
essential that a firm biochemical diagnosis has 
been established in the index case. It is unsafe to 
rely only on a clinical or histological diagnosis as 
many of the inherited disorders share a similar 
phenotype. To ease interpretation of results 
obtained on the fetus it is necessary to know the 
heterozygote levels of enzyme activity in the 
parents; occasionally these are remarkably low 
and can lead to difficulties in ascribing fetal 
genotype. 

The properties of some enzymes are appreci- 
ably different when studied at different times of 
gestation. In addition, the activity obtained 
from chorion villus material may be very diffe- 
rent from that obtained on amniotic fluid cells. 
It is essential that the correct tissue is collected 
at the most appropriate time. Liaison with the 
laboratory staff performing the test is manda- 
tory if mistakes are to be avoided. 

Prenatal testing by analysis of fetal DNA 
by either a gene specific DNA probe or gene 
tracking using restriction fragment length poly- 
morphisms (RFLPs) requires proband DNA 
for comparison. This underlies the importance 
of establishing fibroblast cultures from all 
patients diagnosed as having a metabolic dis- 
order as well as ensuring that blood is taken 
from all relevant family members for DNA 
extraction and storage. 

Most prenatal testing for metabolic disease is 
performed in a few specialised laboratories. 


Sample requirement and techniques used in 
prenatal diagnosis 

By far the majority of antenatal diagnoses are 
performed on samples obtained by either 
amniocentesis or chorion villus biopsy. For 
some disorders, however, the defect is not 
detectable in this material and more invasive 
methods have been applied to obtain a diagnos- 
tic sample. 


FETAL LIVER BIOPSY 

Fetal liver biopsy has been performed to 
diagnose ornithine carbamoyl transferase defi- 
ciency and primary hyperoxaluria type 1. 
Glucose-6-phosphatase deficiency (glycogen 
storage disease type I) could also be detected by 
this method. The technique, however, is inva- 
sive and can be performed by only a few highly 
specialised fetal diagnostic units. 


FETAL BLOOD SAMPLING 

Fetal blood sampling could be used for the ante- 
natal diagnosis of many inborn errors. The 
sample, however, tends to be collected late in 
pregnancy and the technique is probably best 
reserved as a back up in case of failed amniotic 
fluid cell culture. 


AMNIOCENTESIS 

Amniocentesis has been the most common pro- 
cedure for antenatal diagnosis of metabolic dis- 
ease. Both the cell free amniotic fluid and cul- 
tured and uncultured amniotic fluid cells are 
useful in diagnosis. 

The procedure is usually performed at 15-16 
weeks’ gestation and most analyses can be per- 
formed within two to three weeks of culture. 
First trimester amniocentesis has been attemp- 
ted to allow earlier diagnosis, but the smaller 
sample size and possible variation in enzyme 
activity at the earlier stage of pregnancy have 
introduced variables that need to be studied 
before the technique can be widely applied. 

(1) Cell free amniotic fluid can be used to 
detect a number of intermediary metabolites in 
many inborn errors. Where possible this techni- 
que should be backed by specific enzyme analy- 
sis, but for many conditions does allow a quick 
diagnosis. It is particularily relevant for organic 
acid disorders using stable isotope dilution gas 
chromatography with mass spectrometry and 
selected ion monitoring. 

In mucopolysaccharide disorders the pattern 
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of excess glycosaminoglycan excretion can be 
detected by two dimensional electrophoresis 
and this can form the basis of a reliable antena- 
tal test for this group of conditions. 

(2) Amniotic fluid cells in culture are a com- 
mon material used in antenatal diagnosis. In 
most cases the enzyme activity obtained in this 
tissue mirrors that obtained in cultured skin 
fibroblasts. As well as direct enzyme assay, 
radiolabelled incorporation studies can be 
performed on the cultured cells and a wide 
range of disorders detected. Contamination by 
mycoplasma or other organisms is the biggest 
threat to antenatal diagnosis by this method. 


CHORION VILLUS BIOPSY 
Chorion villus biopsy offers the advantage of 


first trimester diagnosis. Direct analysis of. 


enzyme activity on fresh uncultured villus tissue 
usually allows a result to be available within 24- 
48 hours of the procedure. Problems associated 
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with the technique include the possibility of 
maternal contamination and differences in 
enzyme activity in this tissue as compared with 
skin fibroblasts or cultured amniotic fluid cells. 
Despite these possible limitations most prenatal 
diagnoses for inborn errors are performed on 
chorion villus samples. 


Specific inborn errors of metabolism 

The appendix lists the specific inborn error, the 
biochemisal defect, chromosome location of the 
gene mutation where known, and the test used 
for antenatal diagnosis. Where antenatal 
diagnosis has been successfully achieved the 
method used is clearly shown. For some dis- 
orders prenatal diagnosis is theoretically poss- 
ible, although to the authors’ knowledge not as 
yet successfully performed. In this case the 
most likely tissue and method are indicated with 
the rider, ‘possible’. The key to the abbrevia- 
tions used is shown at the end of the appendix. 


Condition Enzyme deficiency Chromosome Prenatal 
location diagnosis 
(A) CARBOHYDRATE METABOLISM 
(i) Galactose 
Galactokinase deficiency Galactokinase 17q21-q22 AF, CVB 
‘Classical’ galactosaemia Galactose-1-phosphate- 9p13 AF, CVB 
uridyl transferase 
Epimerase deficiency UDP-Galactose-4-epimerase lpter-p32 Poss CC 
(ti) Fructose 
Hereditary fructose intolerance Aldolase B 9q22 Poss DNA 
Fructose 1-6 bisphosphatase Frutose 1-6 bisphosphatase — No 
deficiency 
(111) Glycogen storage disease 
Ia Von Gierke Glucose-6-phosphatase — Poss FT 
b Glucose-6-phosphatase — Poss FT 
translocase (T) 
c Glucose-6-phosphatase _ Poss FT 
translocase (T2) 
II Pompe Lysosomal acid glucosidase 17q23 AF, CVB 
III Debrancher enzyme Amylo-1-6-glucosidase — AF,CVB 
deficiency 
IV Brancher enzyme deficiency 1-4-Glucan 6-glycosyl- — AF,CVB 
transferase 
V McCardle Muscle phosphorylase 11q13-qter No 
VI Liver phosphorylase Liver phosphorylase 14 Poss FT 
deficiency 
VII Phosphofructokinase Phosphofructokinase lcen-q32 No 
deficiency 
IXa Phosphorylase kinase Phosphorylase kinase 16q12-q13°1 Poss FT 
(recessive) 
IXb Phosphorylase kinase Phosphorylase kinase Xql2-q13 Poss FT 
(X linked) 
(B) AMINO ACID METABOLISM 
(1) Phenylalanine 
‘Classical’ phenylketonuria Phenylalanine hydroxylase 12q22-q24 1 DNA 
Tetrabiopterin homoeostasis Dihydropteridine reductase 4p15'3 AF,CVB 
Tetrabiopterin synthesis Guanosine triphosphate’ _ MET 
cyclohydrolase 
6-Pyruvoyltetrahydropterin _ MET 


synthase 


$18 


Condition 


(11) Methionine 
Homocystinuria 


(111) Tyrosine 
Tyrosinaemia I 
Tyrosinaemia Il 


(10) Valine, leucine, isoleucine 
Maple syrup urine disease 


(v) Glycine 
Non-ketotic hyperglycinaemia 


(vi) Lysine 
Hyperlysinaemia 


(vii) Proline 
Hyperprolinaemia I 
Hyperprolinaemia II 


Hyperimidodipeptiduria 


(vitti) Ornithine 

Gyrate atrophy of the choroid 
and retina 

Hyperornithinaemia- 
hyperammonaemia- 
homocitrullinaemia (HHH 
syndrome) 


(C) UREA CYCLE DISORDERS 

N-acetylglutamate synthetase 
deficiency 

Carbamyl phosphate synthetase 
deficiency (CPS) 

Ornithine carbamyltransferase 
deficiency (OCT) 

Citrullinaemia 


Argininosuccinic aciduria (ASA) 


Argininaemia 


(D) ORGANIC ACID DISORDERS 


Enzyme deficiency 


Cystathionine synthase 


Fumarylacetoacetate hydrolase 
Tyrosine aminotransferase 


Branched chain ketoacid 
dehydrogenase 


Glycine cleavage system 


Aminoadipic semialdehyde 
synthase 


Proline oxidase 
Pyrroline-5-carboxylate 

dehydrogenase 
Prolidase 


Ornithine aminotransferase 


Basic defect unknown 


N-acetylglutamate synthetase 


Carbamyl phosphate synthetase 


Ornithine carbamyltransferase 


Argininosuccinic acid synthetase 


Argininosuccinate lyase 
Arginase 


(1) Propionate and methylmalonate metabolism 


Propionic acidaemia 


Multiple carboxylase deficiency 


Methylmalonic acidaemia 


(ti) Pyruvate and lactate metabolism 


Lactate dehydrogenase 
deficiency 

Pyruvate dehydrogenase 
deficiency 


Pyruvate carboxylase deficiency 


Phosphoenolpyruvate 
carboxykinase deficiency 


Propionyl-CoA carboxylase: 
a-subunit 
6-subunit 
Holocarboxylase synthetase 
Biotinidase 
Methylmalonyl-CoA mutase 
Adenosylcobalamin synthesis: 
cblA 
cblB 


(see also cobalamin metabolism) 


Lactate dehydrogenase 


Pyruvate dehydrogenase complex: 


E, (decarboxylase) 
component 


E, (dihydrolipoyl transacylase) 
E; (dihydrolipoyl dehydrogenase) 
Pyruvate dehydrogenase phosphatase 


Pyruvate carboxylase 


Phosphoenolpyruvate carboxykinase 


Chromosome 
location 


21q22-q22°1 


15q23-q25 
16922-922-1 


19q13-1-q13-2 


9p22 


whem 


An 


19q12-q13°2 


10926 


mann 


2p 
Xp21-1 


9q34 
7p21-cen 
6423 


13 
3q13-3-q22 


nn 


6p12-p21-2 


11p15-4 


0-Xp22'1-22°2 


B-3p13-q23 


mean 


7p15—q35 


En 


liq 


nn 
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Prenatal 
diagnosis 


AF,CVB 


AF,CVB 
No 


AF,CVB 


CVB 


UNK 


UNK 
UNK 


Poss CC 


Poss CC 
No 


UNK 

Poss DNA/ 
FT 

Poss DNA/ 
FT 


AF, CVB 

AF, CVB 

Poss DN A/ 
FT 


AF, CVB 
AF, CVB 
MET 
MET 
AF, CVB 


AF, CVB 
AF, CVB 


UNK 
Es 


Poss DNA 


AF 
UNK 


% 
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Condition 


(it) Respiratory transport chain defects 


Chromosome 
location 


Enzyme deficiency 
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Prenatal 
diagnosis 


The components of the respiratory transport chain are composed of many polypeptide subunits 
some of which are encoded by mitochondrial DNA 


Complex I 
Complex II 
Complex III 
Complex IV 
Complex V 


(1v) Branched chain organic acidaemias 


Isovaleric acidaemia 


Isolated 3-methyl crotonyl CoA 


carboxylase deficiency 
3-Methylglutaconic aciduria 
3-Hydroxy-3-methylglutaryl 

CoA lyase deficiency 
Mevalonic aciduria 
2-Methylacetoacetyl-CoA 

thiolase deficiency 


(v) Disorders of the y-glutamyl cycle 


5-Oxoprolinuria 

v-Glutamylcysteine synthetase 
deficiency 

y-Glutamylcysteine synthetase 
deficiency 

.5-Oxoprolinase deficiency 


(vi) Other organic acid disorders 


Alkaptonuria 
Glutaric aciduria type I 
Glutaric aciduria type II 


Glycerol kinase deficiency 


Hyperoxaluria type I (glycolic 


aciduria) 
Hyperoxaluria type Il 

(glyceric aciduria) 
Canavan’s disease 


(E) FATTY ACID OXIDATION DEFECTS 


Short chain acyl-CoA 
dehydrogenase deficiency 
(SCAD) 

Medium chain acyl-CoA 
dehydrogenase deficiency 
(MCAD) 

Long chain acyl-CoA 
dehydrogenase deficiency 
(LCAD) 


(F) LYSOSOMAL ENZYME DEFECTS 


(1) Mucopolysaccharidoses 


Type IH (Hurler’s syndrome) 


Type IS (Scheie’s syndrome) 
Type II (Hunter’s syndrome) 


Type III (Sanfilippo’s syndrome) 
A 


B 
C 


D 


Type IV (Morquio’s syndrome) 
A 


B 
Type VI (Maroteaux-Lamy 
syndrome) 
Type VII (Sly’s disease) 


NADH CoQ reductase 
Succinate CoA reductase 
CoQH >-cyt c reductase 
Cytochrome oxidase 
Oligomycine sensitive ATPase 


Isovaleryl-CoA dehydrogenase 15q14-q15 
3-Methylcrotonyl carboxylase — 


3-Methylglutaconic hydratase 
3-Hydroxy-3-methylglutaryl- 

CoA lyase _ 
Mevalonate _ 
2-Methylacetoacetyl-CoA = 


thiolase 


Glutathione synthetase — 
v-Glutamylcysteine synthetase _ 


v-Glutamyltranspeptidase _ 


5-Oxoprolinase = 


Homogentisic acid oxidase — 
Glutaryl-CoA dehydrogenase — 
Electron transfer flavoprotein (ETF) 
ETF: ubiquinone oxidoreductase — 
Glycerol kinase Xp21°3—-p21:2 
Alanine:glyoxylate 

aminotransferase — 


Glyceric dehydrogenase — 
Aspartoacylase 


Short chain acyl-CoA 
dehydrogenase 12q22-qter 
Medium chain acyl-CoA 
dehydrogenase lp31 


Long chain acyl-CoA 
dehydrogenase 7 


Iduronidase 
Iduronidase 
Iduronate sulphatase 


Heparan N-sulphatase _ 
N-acetylglucosaminidase _ 
Acetyl-CoA-glucosaminide 
acetyltransferase | —- 
N-acetylglucosamine 6-sulphatase 12q14 


Galactosamine 6-sulphatase — 


B-Galactosidase 3p21-cen 
N-acetylgalactosamine 
4-sulphatase Sqil-qi3 


B-Glucuronidase 7g911’2-q22 


HEH 


AF, CVB 


MET, AF 
Poss CC 


Poss CC 


AF 
Poss CC 


Poss CC 
Poss CC 


Poss CC 


‘Poss CC 


UNK 
AF, CVB 


AF, CVB 
AF, CVB 


FT 


UNK 
Poss MET 


Poss CC 


DNA/CVB 


Poss CC 


AF, CVB 
AF, CVB 


AF, CVB 
AF, CVB 


AF, CVB 
Poss CC 
Poss CC 


AF, CVB 
Poss CC 


Condition 


(ti) Mucolipidoses 
Mucolipidosis II (I-Cell disease) 


Mucolipidosis III (pseudo- 
Hurler polydystrophy) 


(11) Glycoproteinoses 
a-Mannosidosis 
6-Mannosidosis 
Fucosidosis 
Aspartylglycosaminuria 
Sialidosis type I (cherry-red 
spot-myoclonus syndrome) 
Sialidosis type II: 
Congenital and infantile 
Juvenile 


(iv) Gm- ganghosidoses 

Tay-Sach’s disease (variant B) 

Sandhoff’s disease (variant 0) 

Gm; activator deficiency 
(variant AB) 


Enzyme deficiency 


UDP-N-acetylglycosamine: 
lysosomal enzyme 
N-acetylglucosaminyl-l- 
phosphotransferase 

Same as mucolipidosis II 


a-Mannosidase 
B-Mannosidase 
a-Fucosidase 
Aspartylglycosaminidase 
Neuraminidase 


Neuraminidase 
Combined neuraminidase and 
B galactosidase deficiency 


Hexosaminidase a-subunit 
Hexosaminidase ß-subunit 
Gm), activator protein 


(v) Other lysosomal storage disorders 


Metachromatic leucodystrophy 
Multiple sulphatase deficiency 
Niemann-Pick disease: 
Type A 
Type B 
Type C 
Farbers 
Gaucher’s disease: 
Type 1 (non-neuronopathic) 
Type 2 (acute neuronopathic) 
Type 3 (Norrbottnian) 
Krabbe’s disease 
Fabry’s disease 
Schindler’s disease 
Gm, gangliosidosis 
Wolman’s disease 
Cholesterol ester storage disease 
Mucolipidosis type IV 


(G) PEROXISOMAL DISORDERS 
Zellweger syndrome 

Neonatal adrenoleucodystrophy 
Infantile Refsum’s syndrome 


Arylsulphatase A 
Multiple lysosomal sulphatases 


Sphingomyelinase 
Sphingomyelinase 
Cholesterol esterification 
Ceramidase 


Glucocerebrosidase 
Glucocerebrosidase 
Glucocerebrosidase 
Galactocerebrosidase 
a-Galactosidase 
a-N-acetylgalactosaminidase 
B-Galactosidase 

Acid lipase 

Acid lipase 

?Ganglioside sialidase 


Peroxisome biogenesis 
Peroxisome biogenesis 
Peroxisome biogenesis 


Chromosome 
location 


19p13-2-q12 
1p34 


4q21-qter 
6p21°3 


6p21-3 
20 


15qg22-925°1 
5q13 


Xq22 
22q13-gter 
3p21-cen 
10q 

10q 


7q11°23 


Cleary, Wraith 


Prenatal 
diagnosis 


AF, CVB 


AF, CVB 


AF, CVB 
Poss CC 
AF, CVB 
AF, CVB 
AF, CVB 


AF, CVB 
AF, CVB 


AF, CVB 
AF, CVB 
Poss CC 


AF, CVB 
AF, CVB 


AF, CVB 
AF, CVB 
AF, CVB 
AF, CVB 


AF, CVB 
AF, CVB 
AF, CVB 
AF, CVB 
AF, CVB 
Poss CC 

AF, CVB 
AF, CVB 
AF, CVB 
HIST 


AF, CVB 
AF, CVB 
AF, CVB 


(For disorders of peroxisome biogenesis a peroxisomal En ydeoiyanstahe phosphate 


acyltransferase can be assayed) 

Rhizomelic chondrodysplasia 
punctata 

Pseudo-Zellweger syndrome 

Pseudo-neonatal 
adrenoleucodystrophy 

X linked adrenoleucodystrophy 

Refsum’s disease 

Acatalasia 


Multiple peroxisomal enzymes 


3-Oxoacyl-coenzyme A thiolase 


Acyl-CoA oxidase 


Very long chain fatty acid ligase 


Phytanic acid hydroxylase 
Catalase 


(H) PURINE AND PYRIMIDINE METABOLISM 


Lesch-Nyhan syndrome 


Adenine phosphoribosyl- 
transferase deficiency 
Adenosine deaminase deficiency 


Purine nucleoside phosphorylase Purine nucleoside phosphorylase 


deficiency 


Hypoxanthine phosphoribosyl- 
transferase 

Adenine phosphoribosyl- 
transferase 

Adenosine deaminase 


3p23-p22 


Xq28 
11p13 


Xq26-q27 


16q 


20q13-1 
14q13 


AF, CVB 


AF, CVB 
Poss CC 


AF, CVB 


Poss CC 
UNK 


AF, CVB 
AF, CVB 


AF, CVB 
AF, CVB 


iv 


wk 


Dur 
ie 
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Condition 


Myoadenylate deaminase 
deficiency 

Xanthinuria 

Orotic aciduria 


Pyrimidine-5’-nucleotidase 
deficiency 


(I) TRACE METAL METABOLISM 

Wilson’s disease 

Menke’s disease 

Haemachromatosis 

Molybdenum cofactor deficiency 

Isolated sulphite oxidase 
deficiency 


(J) LIPID METABOLISM 
Abetalipoproteinaemia 


Lipoprotein lipase deficiency 
Lecithin:cholesterol. 
acyltransferase deficiency 
(LCAT) 
Familial hypercholesterolaemia 
. (hyperlipidaemia type IIA) 
Dysbetalipoproteinaemia 
(type HI, hyperlipidaemia) 
Tangier disease 


Cerebrotendinous xanthomatosis 
Phytosterolaemia 


(K) VITAMIN METABOLISM 

(1) Folic acid 

Methylene tetrahydrofolate 
reductase deficiency 

Glutamate formiminotransferase 
deficiency 


(ii) Vitamin By, (cobalamin) 
Transcobalamin II deficiency 
Defects in adenosylcobalamin 

(AdoCbl) synthesis: 

cbl A mutation 

cbl B mutation 


Enzyme deficiency 


Myoadenylate deaminase 


Xanthine oxidase 

Uridine-5’-monophosphate 
synthase 

Pyrimidine-5’-nucleotidase 


Basic defect unknown 
Basic defect unknown 
Basic defect unknown 
Molybdenum cofactor 
Sulphite oxidase 


Abnormal handling of 
apolipoprotein B 

Lipoprotein lipase 

Lecithin:cholesterol 
acyltransferase 


Deficient low density lipoprotein 
(LDL) receptors 
Defective apolipoprotein E 


Defective high density 

lipoprotein (HDL) metabolism 
Mitochondrial 26-hydroxylase 
Basic defect unknown 


Methylene tetrahydrofolate 
reductase 
Glutamate formininotransferase 


Transcobalamin II 


Basic defect unknown 
ATP:cob(Dalamin 
adenosyltransferase 


Chromosome 
location 


2p24 


8p22 
16q 


19p13-1-13-3 
19 


22q11-2qter 


821 


Prenatal 
diagnosis 
AF, CVB 


UNK 
Poss CC 


UNK 


Poss DNA 
AF, CVB 
UNK 

AF, CVB 
Poss CC 


AF, CVB 


No 


Poss CC 


AF, CVB 
AF, CVB 


Both defects cause methylmalonic acidaemia as AdoCbl is an essential cofactor for the mutase 


enzyme 

Defects in methylocobalamin 
(MeCbl) synthesis: 
cbl E mutation 
cbl G mutation 


Basic defect unknown 
Basic defect unknown 


p 


AF 
Poss CC 


Both disorders lead to a functional deficiency of N’-methyltetrahydrofolate: homocysteine 


methyltransferase leading 
acıdaemia 

cbl C mutation 

cbl D mutation 


cbl F mutation 


(L) DEFECTS IN THE SYNTHESIS AND DEGRADATION OF HAEM PROTEINS 


(1) Porphyrias 
ö-Aminolevulinic acid 
dehydratase deficiency 
Acute intermittent porphyria 
Congenital erythropoietic 
porphyria 
Porphyria cutanea tarda 
Hereditary coproporphyria 
Variegate porphyria 
Erythropoietic protoporphyria 


to homocystinuria, 


Basic defect unknown 

Basic defect unknown 

Cobalamin transport from 
lysosome 


ö-Aminolevulinic acid 
dehydratase 
Porphobilinogen deaminase 
Uroporphyrinogen III 
cosynthase 
Uroporphyrindecarboxylase 
Coproporphyrinogen oxidase 
Protoporphyrinogen oxidase 
Ferrochelatase 


hypomethioninaemia 


without 


C_i 
— 


9q34 


11g23-oter 


lgter-p21 
9 
14q32 


ee 


methylmalonic 


Poss CC 
Poss CC 
Poss CC 


UNK 


AF 
MET 


No 

Poss CC 
Poss CC 
Poss CC 
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Condition Enzyme deficiency Chromosome Prenatal 
location diagnosis 
(1) Bilirubin metabolism 
Crigler-Najjar syndrome type I UDP-glucuronyltransferase — No 
Crigler-Najjar syndrome type H UDP-glucuronyltransferase — No A 
Gilbert’s syndrome UDP-glucuronyltransferase — No 
Dubin-Johnson syndrome Basic defect unknown — No 
Rotor syndrome Basic defect unknown — No 
(M) DISORDERS OF MEMBRANE TRANSPORT 
Cystinuria Renal and intestinal transport m No 
defect 
Lysinuric protein intolerance Defect of cationic amino acid — No 
transport 
Hartnup disease Defect of neutral amino acid — No 
transport 
Cystinosis Lysosomal cystine transport — AF, CVB 
Infantile free sialic acid Lysosomal sialic acid transport — AF, CVB 
storage disease Se 
Salla disease Lysosomal sialic acid transport — AF K 
(N) MISCELLANEOUS DISORDERS 
Lowe’s syndrome Basic defect unknown Xq25 UNK 
Carbonic anhydrase II Carbonic anhydrase II 8q22 No 
deficiency ' 
Steroid sulphatase deficiency Steroid sulphatase Apter—p22°32 AF, CVB 
Hypophosphatasia Alkaline phosphatase Ip AF 
Fumaric aciduria Fumarase — Poss CC 
Sjégren-Larsson: syndrome Fatty alcohol NAD — Poss CC 
oxidoreductase 
AF: cell free amniotic fluid or cultured amniocytes. CVB: assay performed on either uncultured or cultured villus cells, 
Poss CC: as far as authors’ are aware prenatal diagnosis has not been performed for these disorders. However, enzyme is 
expressed in fibroblast cells and theoretically could be used as the basis of a prenatal test. Poss DNA: the genetic mutation 
causing these disorders has been established and may be the most appropriate approach to prenatal testing. Poss FT: the 
enzyme deficiency can only be detected in fetal tissue. This would usually require a fetal liver biopsy, but in some instances 
direct fetal blood sampling by cordocentesis. MET: metabolites from fetal urine are detected in samples obtained by 
amniocentesis at 14-16 weeks’ gestation. UNK: as far as the authors’ are aware prenatal diagnosis has not been attempted. In a 
number of cases the exact biochemical defect is yet to be established. ***: assay of the total activity of the pyruvate b 
dehydrogenase complex is possible, but as far as the authors’ are aware has not been applied to prenatal testing. Partial = 
deficiencies are common leading to difficulty in interpreting results. ###: only one component of the respiratory 
transport chain (complex IV, cytochrome oxidase) has been studied prenatally. In families with a deletion of mitochondrial 
DNA a molecular approach may be more appropriate. HIST: histological changes (usually abnormal lysosomal inclusions) 
within amniocytes have been used as a prenatal test. UDP: uridine diphosphate. l 
a 
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Computerised neonatal information systems 


S A Spencer 


Since its inception the British Paediatric Asso- 
ciation (BPA) computer group has provided a 
forum for the demonstration of neonatal infor- 
mation systems. Of the 10 reported at BPA 
meetings from 1984-90 eight are currently still 
in use. “7 One of the first systems to be pre- 
sented was developed primarily to assist with 
neonatal audit.’ Now that participation in audit 
is a requirement for all doctors the interest in 
computerised information systems has in- 
creased and is no longer confined to a small 
group of enthusiastic pioneers. Detailed infor- 
mation about workload and outcome will soon 
be required for the purpose of negotiating con- 
tracts between purchasers and providers and it 
is difficult to see how this can be acheived with- 
out access to database technology. Many of the 
systems demonstrated have been highly success- 
ful and a number have been implemented in 
more than one unit. The guidance given below 
has been formulated after discussion with those 
involved in developing these systems. 


The dataset 

The key to any information system is to formu- 
late an appropriate dataset. This should include 
the categories shown in table 1. With the power 
of modern database technology there is a 
tendency to collect a great deal more data than 
one could ever possibly use. This leads to a very 
cumbersome system and much frustration on 
the part of those who collect or input data but 
never see it used. Therefore it is most important 
to base the dataset on planned outputs of the 


Table 1 Guide to neonatal dataset 





Categories Examples of information collected 
Demographic Name 

Address 

Hospital number 
Mother Medical history 


Family history 
Past obstetric history 
Antenatal history 
Delivery 

Admission details 


Progress Diagnoses 


Discharge details 


Outcome 

Follow up arrangements 
Discharge medication 
Immunisation 


Recommendations 


Table 2 Type and purpose of output 
Type of output Purpose of output 


Front sheet summary 
of mothers 


For easy reference to important 
information at the front of the 
child’s neonatal record 


Comprehensive discharge 
summary 


Communicate with general 
practitioner 

Permanent record 

ICD9 coded diagnoses Körner requirements 

Regular cumulative 
reports on: 
Perinatal mortality 
Admissions and survival 
Mortality review 
Outcome for tranfers 
Intracranial scan results 
Ventilation review 
Procedure review 
Infection and antibiotics 
Workload 


Comprehensive annual report 
Audit 

Resource management 
Quality assurance 

Research 


type illustrated in table 2. In this way the data- 
set will be precise and relevant and those using 
the computer will be able to appreciate the value 
of the data they collect. This will greatly 
enhance the quality of data collection. 

The pioneer systems are very individualisitic 
with respect to the dataset. Even when similar 
information is collected there may be variations 
in the coding classifications used. For example, 
in one system all attempted umbilical artery 
catheterisations may be recorded, another may 
record only successful catheterisations. A third 
may not distinguish between umbilical and 
radial artery catheterisation. Such differences 
mean that it will be difficult to compare data 
collected on different databases. For this reason 
it would be helpful if an interested group for- 
mulated an agreed core dataset which should 
not be large but should be carefully defined. 
Each unit could then add its own embellish- 
ments to cater for local information require- 
ments which vary greatly from one unit to 
another. 


Diagnostic coding 

There is a need for diagnostic coding both for 
Körner requirements and so that patients with 
like conditions can easily be compared. Unfor- 
tunately the International Classification of Dis- 
eases, 9th revision (ICD9) codes are inadequate 
for neonatal use for a number of reasons. First, 
there 1s often inadequate detail. The ICD9 code 
for Menkes’s syndrome and Zellweger’s syn- 
drome is not different. Second, the diagnostic 
label attached to the code may vary from local 


824 


usage. Few of our senior house officers refer to 
umbilical cord sepsis as omphalitis. Third, 
certain important conditions require coding in 
two parts. Listeria pneumonia is coded as 
‘pneumonia bacteria (NOS) and ‘listeriosis 
infection’. Fourth, when coding for a unilateral 
lesion it is not possible to code for the side of the 
lesion. Finally, only a small subset of the ICD9 
coding system is relevant to neonatology. In the 
North Stattordshire Maternity Hospital over a 
one year period 460 babies were given 1322 
coded diagnoses. Only 145 different codes were 
used, although 370 were available in the com- 
puter dictionary. 

In order to overcome these difficulties a num- 
ber of neonatal databases use their own diction- 
ary of codes.” Most of these are cross referenced 
for ICD9 codes. With ICD9 an additional digit 
can be added to the existing codes to create 
more subgroups. As such dictionaries are not 
exhaustive a facility to add additional codes is 
required. It is also helpful if the user can enter 
diagnoses in free text when an appropriate 
coded diagnosis is not available. These can be 
coded later when the dictionary has been 
amended. 

A comprehensive dictionary of codes specific 
for neonatal diagnoses that could be utilised by 
all would be a great asset. Documentation 
should include definitions of some of the more 
controversial diagnostic categories so as to 
ensure uniformity in the coding of conditions 
such as bronchopulmonary dysplasia, transient 
tachypnoea, birth asphyxia, and necrotising 
enterocolitis. Such a dictionary of codes is 
under development and may be available 
shortly (the BPA Diagnostic Codes Project). 

Obtaining an accurate and complete list of 
diagnostic codes for each patient is not a trivial 
problem. This can be achieved only by involv- 
ing medical staff in the coding process. It is 
helpful if guidance is provided by senior doctors 
on a regular basis, either on ward rounds or at 
regular coding meetings.“ Diagnoses appro- 
priate to each patient can be selected from the 
dictionary that may be available on line, 
although it can be easier to refer to a printed 
copy. 

Powerful diagnostic support software based 
on the Read system is now available to assist 
with the task of coding. When a unique dia- 
gnosis such as “Down’s syndrome’ is entered 
this is immediately accepted and automatically 
coded. A partial diagnosis such as ‘pneumonia’ 
will give rise to a comprehensive list of diag- 
noses that include pneumonia. These are 
normally presented in a window on the screen. 
The coder is thereby encouraged to consider 
making a more precise diagnosis, although the 
option of making a non-specific diagnosis will 
remain. This type of coding support encourages 
diagnostic accuracy, saves time, and is fun to 
use. . 

In neonatology it is common for a number of 
codable diagnoses such as pneumothorax or 
intraventricular haemorrhage to be included in 
the dataset. It is easy for these to be forgotten 
unless they are automatically coded and in- 
cluded in any list of diagnoses generated for the 
patient. 
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Data input 

The simplest method of data input is to provide 
a worksheet that is completed during the 
patients stay.’ There may be different sections 
of the work sheet for clerical, nursing, and 
medical staff. When the worksheet is complete 
clerical staff may enter the data into the com- 
puter or an optical reader can be used to avoid 
transcription errors." The main disadvantage of 
this method is that there is no interaction 
between the computer and user. Such interac- 
tion can be used to improve the quality of data 
collected as exemplified by the coding support 
software described above. Furthermore if a 
large amount of data is collected then a ques- 
tionnaire based system becomes cumbersome. 

When doctors and nurses are required to 
enter data as part of their daily routine it is most 
important that the database is easy and quick to 
use. One source of frustration for busy staff is a 
slow response time. A requirement to answer 
numerous irrelevant questions is another. The 
latter may be avoided by using key items to 
determine which parts of the dataset are 
relevant to the individual patient and selecting 
only these for completion.! 4 

Data may be collected in real time or retros- 
pectively. In a clinic with a terminal on the desk 
there is no doubt that real time data collection is 
the ideal method. This is not necessarily true of 
neonatal data collection. To collect all of this 
data in real time would require access to a termi- 
nal from each cotside. Furthermore preterm 
infants change condition rapidly and this can 
lead to the collection of superfluous data. For 
example, a child may have a number of different 
cranial ultrasound scan appearances before 
developing right periventricular leukomalacia. 
Clearly those with a special interest in cranial 
ultrasonography will wish to record all the 
changes observed, but in most situations a final 
summary diagnosis will be more useful and 
easier to analyse later. 

Information collection should be tailored to 
fit in with the working practices of the unit. It is 
often very helpful to record details of admis- 
sions and discharges in real time so that the 
computer can be used to keep track of the 
patients. Some information may usefully be 
recorded on a daily basis. This might include 
blood culture results, the use of intermittent 
positive pressure ventilation, and nursing 
dependency levels. In this way a running total 
of ventilation days and other similar parameters 
can be made available. Finally at the point of 
discharge or shortly afterwards other informa- 
tion including diagnosis codes may be added 
retrospectively. 
=- Demographic data may be entered by clerks. 
Nurses are often in the best position to review 
progress on a daily basis and enter this type of 
data. For the reasons outlined above diagnostic 


- information is probably best entered by medical 


staff. This task is made considerably easier if a 
problem list is kept at the front of the notes. 


Data audit | 
It is very difficult to assess the quality of infor- 
mation stored in hospital notes and the fact that 
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Computerised neonatal information systems 


vital information is missing may not come to 
light until it is required at some time in the 
future. In contrast computerised data fields can 


and should be checked on a regular basis. Prog- . 


rams can be written to search data fields and 
produce an analysis indicating which data items 
are missing in which patients. In this way data 
collection can be audited. When the users are 
required to input the missing data the quality of 
initial data collection rapidly improves. 
When admissions and discharges are re- 
corded in real time it is possible to use the com- 
puter to highlight patients who have not had the 
dataset completed and diagnostic codes added. 
In this way it is possible to get quality informa- 
tion on 100% of patients for later analysis. 


Output requirements 


It is imperative that those who have the task of- 


entering data are rewarded with a useful 
output.” For example at the North Staffordshire 
Maternity Hospital it had been a nursing task 
to copy details from the maternity notes onto a 
form that was then filed in the front of the 
neonatal notes. This task was replaced by the 
task of entering similar information into the 
database. On completion a front sheet summary 
was printed, checked for errors, and filed in the 
front of the notes. The summary proved to be of 
value to the medical team when reviewing the 
case. A similar principle applies to the produc- 
tion of a computerised discharge summary that 
may obviate the need for a dictated summary. 

Computerised discharge summaries are often 
criticised for being impersonal and Jess informa- 
tive than dictated summaries. On the other 
hand they are less likely to have important items 
of information missing and they tend to be 
available earlier and in a higher proportion of 
patients.” In our experience an enormous 
amount of secretarial time can also be saved. 
The personal touch can be added by including 
comments in free text, although there is a ten- 
dency for junior doctors to concentrate on the 
dataset and ignore this facility. The format of 
the letter will make a lot of difference to its 
readibility and usefulness and therefore it is well 
worth investing time and effort to get this right. 

The prime objective in setting up a neonatal 
database is to be able to use the data collected. 
Certain information will be required on a regu- 
lar basis (table 2) and it is well worth generating 
such information as a standard report that can 
be produced for any time period at the touch of 
a button. As an example the quality parameters 
required by the West Midlands Regional Health 
Authority for monitoring regionally funded 
neonatal intensive care are shown in table 3. It 
seems likely that similar information will be 
required by other purchasers of neonatal ser- 
vices. 

Standard reports will not.cater for unforeseen 
or one off information requirements and so it is 
very useful to be able to conduct an ad hoc 
inquiry. This normally consists of a list of 
patients with characteristics that have been spe- 
cified from the dataset by the inquirer. Once 
the selection has been made it is normally pos- 


sible to stipulate which information is to be 
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Table 3 Quality parameters for neonatal intensive care 


Quality parameter Stratification 


Admissions Birth weight, gestation, inborn/ 
outborn/in utero transfer 
Mortality Birth weight, gestation, early/late 
deaths 
Ventilation: 
Duration Birth weight, gestation 
Outcome Birth weight, gestation 
Air leaks Birth weight, gestation 
Bronchopulmonary 
dysplasia 


Necrotising enterocolitis 
Retinopathy >grade 3 

Cranial ultrasound scan 
Postmorteni’ examination 


Birth weight, gestation 
Birth weight, gestation 
Birth weight, gestation 
Birth weight, gestation 


printed out in the selected patients. Facilities to 
sort patients may also be available. Databases 
vary in the complexity and ease of use of their 
inquiry language but ideally it should be possi- 
ble for someone with little or no programming 
experience to obtain information in this way." 


Interface with other systems 

Demographic information must be available for 
effective data analysis. This is recorded in many 
hospitals on a patient administration system. 
Clearly it is useful if the neonatal database can 
be linked for electronic transer of such details. 
Neonatal and maternity records have much data 
in common and therefore when both are to 
be computerised, communication or complete 
integration is desirable.” ! This will obviate the 
need for laborious transcription of antenatal 
records. Ideally the delivery record and neona- 
tal record should form the basis of the paediatric 
record. A link with the community child health 
computer is also desirable. Although laboratory 
links are useful for obtaining clearly tabulated 
results, this is less essential for acute neonatal 
management than for the long term manage- 
ment of children in outpatient clinics. 

Many district health authorities are making 
plans for the development of hospital wide inte- 
grated information systems and therefore it is 
important to consider how any proposed neona- 
tal database will interface into such a system. 
Almost certainly the district information system 
will require coded diagnoses and other Körner 
data. Consideration also needs to be given to the 
possibility of transferring data electronically 
into other software packages. These may be 
used for word processing, statistical analysis, or 
graphical presentation. 


Software considerations 

Some of the earlier neonatal databases were 
written from scratch usually by an enthusiastic 
doctor and a programming expert.“ Although 
this approach has been successful, it is much 
easier to start with a database program which 
can be configured to meet ones own re- 
quirements." Several of the aforementioned 
systems have been developed in this way. At 
first sight it may seem easy to develop a new 
neonatal application using such a database prog- 
ram, but the considerable time and effort 
required to get a system operational should not 
be underestimated. Therefore it is better to 
adopt and adapt a system that has already been 
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developed rather than starting again. Probably 
the only good reason for writing a new neonatal 
application is in-cases where the district adopts a 
database package that does not have a neonatal 
module and there is commercial support for the 
development of such. 


System support 

In choosing or writing a database application, 
consideration must be given to the support of 
the system. There is considerable variation in 
database size and complexity. A system resident 
on a single microcomputer with a relatively 
small dataset and no interface with other sys- 
tems will require much less support than a large 
multiuser system interfacing with other hospital 
information systems and keeping data on line 
for many years. Although single user systems 
have proved very valuable the large multiuser 
systems are much more likely to be able to adapt 
and grow to meet new challenges as district 
information systems continue to develop. Sup- 
port for such systems will need to be provided 
in a number of ways. Technical support will be 
required for both hardware and software. It is a 
disaster if a system goes down for days or weeks 
once it has been integrated into a department. It 
is almost impossible to catch up with the data 
backlog in such an eventuality. 

Continued software development is essential. 
Once a system is operational deficiencies inevit- 
ably become apparent. Furthermore working 
practices and information needs change with 
time. Modification of the dataset or data analy- 
sis program may be a problem if system support 
is dependent on one individual who may leave 
the project after implementation. Some applica- 
tions are commerically supported, which can be 
very useful provided the cost of modification is 
not prohibitive. Systems that cannot be mod- 
ified are likely to atrophy and eventually die. 

Training support is a requirement that is 
often forgotten. It is essential that all grades and 
types of users are taught how to use the system. 


Spencer 


Many junior doctors still have no computing 
training and therefore may require a lot of sup- 
port when first introduced to a system. With 
rapid staff turnover this is an ongoing require- 
ment. Finally a comprehensive manual is an 
asset. 
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Dr Langdon Down (1828-1896) and ‘mongolism’ 


PM Dunn 


John Langdon Down was born at Torpoint in 
Cornwall in 1828. After local schooling he 
became apprenticed at the age of 14 for four 
years to his father, a local apothecary. Then, 
wishing to become a scientist, in 1846 he 
entered a laboratory of the Pharmaceutical Soci- 
ety in London. There he won a prize for organic 
chemistry and also came into contact with 
Michael Faraday. In 1853 his father died and he 
decided to take up medicine, entering the 
London Hospital at the age of 25 and qualifying 
five years later with many honours and prizes 
including the gold medal for physiology. In 
1858 he was appointed Medical Superintendent 
of the Earlswood Asylum for Idiots at Redhill in 
Surrey, a position he retained for 10 years 
before establishing his own institution for men- 
tally retarded children, Normansfield, at Ted- 
dington. Within a year of qualifying he had 
obtained both the MRCP and MD, and had 
been elected to the staff of the London Hospital 
as a physician. There he taught therapeutics and 
medicine, and his humanity and care for the 
mentally retarded brought him a large private 
practice. Down did not write a great deal but is 
eponymously remembered for his classic 
description of mongolism in a short essay in 
1866,’ from which the following extracts are 
taken: 


‘The medical practitioner who may be consulted 
in any given case, has, perhaps in a very early 
condition of the child’s life, to give an opinion 
on points of vital importance as to the present 
condition and probable future of the little one. 
Moreover, he may be pressed as to the question, 
whether the supposed defect dates from any 
cause subsequent to the birth or not. Has the 
nurse dosed the child with opium? Has the little 
one met with any accident? Has the instrumen- 
tal interference which maternal safety deman- 
ded, been the cause of what seems to the 
anxious parents, a vacant future? Can it be that 
when away from the family attendant the calo- 
mel powders were judiciously prescribed? Can, 
in fact, the strange anomalies which the child 
presents, be attributed to the numerous causes 
which maternal solicitude conjures to the imagi- 
nation, in order to account for a condition, for 
which any cause is sought, rather than heredi- 
tary taint or parental influence. 


I have for some time had my attention directed 
to the possibility of making a classification of 





Dr Fohn Langdon Down (1828-96). 


‘The great Mongolian family has numerous rep- 
resentatives, and it is to this division, I wish, in 
this paper, to call special attention. A very large 
number of congenital idiots are typical Mon- 
gols. So marked is this, that when placed side 
by side, it is difficult to believe that the speci- 
mens compared are not children of the same 
parents. The number of idiots who arrange 
themselves around the Mongolian type is so 
great, and they present such a close resemblance 
to one another in mental power, that I shall 
describe an idiot member of this racial division, 
selected from-the-large-number-that-have-fallen —— 
under my observation. 

The haır ıs not black, as ın the real Mongol, 
but of a brownish colour, straight and scanty. 
The face ıs flat and broad, and destitute of 
prominence. The cheeks are roundish, and 
extended laterally. The eyes are obliquely pla- 
ced, and the internal canthi more than normally 
distant from one another. The palpebratfissure —— 
is very narrow. The forehead ıs wrinkled trans- 
versely from the constant assıstance which the 


the-feeble-minded,_by—arranging-them—around——levateres_pa!pebrarum derive trom the veeiptto— 


’ 


various ethnic standards... 


frontalis muscle in the opening of the eyes. The 
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lips are large and thick with transverse fissures. tions that the differences in the races are not 
The tongue is long, thick, and is much rough- specific but variable. 
ened. The nose is small. The skin has a slight These examples of the results of degeneracy 
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Calculate with confidence 


CIA software 


Confidence Interval Analysis (CIA) is a computer program that takes the sweat out 0! 
calculating confidence intervals. Devised by Martin Gardner, professor of medical 
statistics, MRC Environmental Epidemiology Unit, University of Southampton. | he 
program is menu driven with easy access to each chapter and to the method requir 
within each chapter. Topics covered include calculating confidence intervals fo 


e means and their differences 

e proportions and their differences 
e regression and correlation 

e non-parametric analyses 


For each method relevant intermediate statistics and the required confidence interval ar 


| 


produced on the screen. Complete with ıts own manual, the program may also be used ın 


conjunction with the book Statistics with Confidence, which provides numerous worked 


examples. The software is available for IBM compatibles on either a 5'/,” or a disk. 
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Cleft lip—uis there light at the end of the tunnel? 


Cleft lip, with or without cleft palate (CL/P), is one of the 


commonest serious craniofacial malformations with an inci- 
dence of between one in 700 and one in 1000 live births. 
There can be little doubt about the impact the birth of an 
affected child has on a family. Problems with bonding and 
feeding are usually overcome with appropriate support and 
advice. Several operations may be needed throughout the 


growing years, as well as long term follow up by a team of 


specialists: plastic surgeons, orthodontists, ear, nose, and 
throat surgeons, speech therapists, dentists, and others. 
Despite advances in surgical and psychological manage- 
ment, there remains considerable confusion about the 
genetic implications of cleft lip. Is it a ‘genetic’ condition? 
Can parents be given an accurate risk of recurrence of this 
malformation? Current research looks set to answer, at least 
In part, some of these questions. 

Family studies have shown that, after the birth of a child 
with isolated CL/P, the average recurrence risk for a couple 
with no family history of clefting is in the region of one in 
25,' the figure varying with the severity of the cleft. The 
same figure applies for the child of a couple wkere one 
partner has CL/P. This 40-fold increase in risk over the 
general population suggests that some inherited element is 
important in the production of a cleft lip. 


trait, albeit with incomplete 
expression. It would seem that, 


penetrance 


in such 


gene is being passed from parent to child 
As it stands at present genetic counselling 


than satisfactory, with couples being give 
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homologue of a gene known to cause a cleft like abnormality 
in the mouse.!! Similarly, two unrelated cases of CL/P with 
translocation breakpoints at 10p13 have now been descri- 
bed, making this another area of potential study. 7 

The identification of a major locus is unlikely to be the 
end of the story. CL/P is almost certainly heterogeneous 
with other modifying genes playing some part in the de- 
velopment of a cleft. Also environmental factors, such as 
maternal phenytoin ingestion, are known to predispose to 
facial clefting, and it is possible that some continuous traits, 
such as face width, play a part. 


The practical implication of the present research is the 
identification of individuals with a genetic predisposition to 
facial clefts. Prenatal diagnosis, with a view to termination 
_of an affected fetus, tends not to be an issue in this condi- 

tion, which is essentially amenable to surgical repair. Many 
couples do currently take up the option of a detailed ultra- 
sound scan at about 18 weeks of pregnancy, as a non- 
invasive means of detecting the anomaly during pregnancy, 
and this-allows them to prepare for the birth of an affected 
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Adrenoleucodystrophy 


There are few diseases more tragic than adrenoleucodystro- 
phy (ALD). In a typical case a boy of between 5 and 9 years 
of age starts to have behavioural problems, difficulty with 
school work, becomes forgetful, and has problems finding 
his way about. He often appears to have difficulty in seeing, 
but is not obviously blind. He then starts to have further 
problems with memory and language. Within weeks or 
months the situation progresses so that he has some degree 
of unsteadiness, becomes incoordinated, and starts to fall. 
Still later on in the course of the disease his vision obviously 
- becomes worse, and optic atrophy may be noted. He may 
become ataxic, dysarthric, and hemiparetic, and he starts to 
dement clearly. Seizures, often focal, are a late feature of the 
condition, but often within a year tragically the boy 
becomes bedridden and death usually ensues from inter- 
current infections or complications of seizures within two to 
three years. 

Although ‘a number of early cases described as Schilder’s 
disease’ (encephalitis periaxalis diffusa) may have been cases 
of ALD, the first clear description of what we now know to 
be ALD was by Siemerling and Creutzfeldt.* Sometimes the 
name Addison-Schilder’s disease has been applied in the 
past. Addison’s name was added because occasionally these 
boys may develop dark skin pigmentation (melanoderma) 
associated with adrenal hypofunction and occasionally go 
into adrenal crisis. They may present with Addison’s disease 
and then develop the ALD picture later on or vice versa. 
Over the past 10 years we have begun to understand much 
more about the nature of the disease, its pathology, and 
underlying metabolic and molecular abnormalities. As yet 
there is no effective treatment, although some dietary trials 
are in progress.” 

From a clinical point of view there are a number of 
variants. The most common variant is the childhood form 
described above. The condition may present in a similar 
form in adolescence and progresses in-much.the same-way, 
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although the whole process is slower. The condition may 
also present as a slowly progressive spastic paraparesis 
which is associated with adrenal dysfunction, so called 
adrenomyeloneuropathy,* here too the paraparesis may pre- 
cede the Addison’s disease. Occasionally an adult may pre- 
sent with a dementia. Although the disease is usually prog- 


ressive, some patients have phases when the illness plateaus. 


Moser and Moser have given a very complete description of 
clinical variants.° 

The full blown disease appears to be confined to males. 
There is often a family history of affected boys to suggest an 
X linked pattern of inheritance. Although female carriers 
are usually asymptomatic, some have clinical symptoms.® 
What is typical of ALD is that there can be a great deal of 
variation of clinical severity, not only between families but 
within one family. One member of an extended family could 
have adrenomyeloneuropathy, another Addison’s disease, 
and a third classical ALD. 

Recently the underlying defect has been shown to be a 
disorder of peroxisomal metabolism.’ Peroxisomes are sub- 
cellular organelles performing a variety of functions includ- 
ing peroxidation (whence the name derives), the synthesis of 
plasmalogens: which involves acyl CoA:dihydroxyacetone 
phosphate acyltransferase (DHAPAT), degradation of bile 
acids and the break down by beta oxidation of very long 
chain fatty acids.* Peroxisomal disorders have come into 
prominence recently as the main cause of the Zellweger’s 
group of diseases in some forms of which peroxisomes are 
absent.” '° In ALD peroxisomes are present but there is a 
single peroxisomal enzyme defect now thought to be 
lignoceryl CoA synthetase.'' The biochemical findings in 
ALD have now been well worked out and include a rise of 
very long chain fatty acids, particularly C26:0, C24:O, but 
no rise of bile acid intermediates, nor a deficiency of 
DHAPAT.'? What is even more unusual than the variation 
within a family is that asymptomatic siblings of a propositus 
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The reliability of height and height velocity ın the 
assessment of growth (the Wessex Growth Study) 


L D Voss, T J Wilkin, B J R Bailey, P R Betts 


Abstract 

Both biochemical and auxological measure- 
ments can be used to assess growth. Quality 
control is routinely reported in laboratory 
studies, but the reproducibility of height 
measurements, and the height velocity data 
derived from them, is seldom considered. We 
have previously established our error and in 
this report we examine its implications for the 
screening of short children and subsequent 
monitoring of their growth. The 95% confi- 
dence interval for height for a 5 year old 
observed to be on the 3rd centile for height, 
spanned the 2nd-4th centile. However, the 
confidence interval for a 12 month height 
velocity appropriate to such a child spanned 
the 8th-52nd centiles, the lower limit patho- 
logical and the upper more than satisfactory. 
A single height velocity even over 12 months 
therefore lacks the precision to provide a reli- 
able index of current growth in short children. 
Furthermore, serial height velocity calcula- 
tions on a cohort of 78 short normal children 
showed no significant correlation from year to 
year, suggesting that velocity is also unable to 
predict future growth. Although the propor- 
tion of this cohort of short children lying 
beneath the 25th centile for velocity remained 
constant from year to year, the identity of 
the individuals comprising that proportion 
changed, a phenomenon which could be 
largely accounted for by the random error 
associated with height velocity. Our data sug- 
gest that, by the time a trend in abnormal 
velocity is reliably established, a deviation 
from the height centiles is clearly evident. 
Although velocity charts are attractive in con- 
cept, they seem to be no more discriminating 
than height charts in practice, and may be 
clinically deceptive unless interpreted with 
great care. 


Poor growth in childhood may be a sign of poor 
health and deserves careful attention.! ? In the 
community short stature is usually identified by 
cross sectional screening of particular age 
groups, for example school entrants, and we 
have already drawn attention to the errors in 
screening associated with secular trend and poor 
calibration of equipment used.” 

Clinically, difficulties have arisen with the 
interpretation of stress tests for growth hor- 
mone release, and paediatricians have re- 
emphasised the value of auxological data to 
identify children who might benefit from 
growth hormone treatment.°® 

The measurement of height, like any other, is 
subject to error, but the size and implications of 


this error are seldom considered.” Moreover, 
height velocity has been promoted as a better 
means of expressing growth than height 
alone,' 1° !! although it seems a priori unlikely 
that velocity, which is derived from height mea- 
surements, can be inherently more informative. 

If velocity is to be used as an auxological tool, 
it should be recognised that there are very few 
data available on its reproducibility and the con- 
fidence with which paediatricians can use it for 
making clinical decisions. We have established 
our error of height measurement, and in this 
paper we examine its implications for the 
screening of short children and the subsequent 
monitoring of their growth. 


Patients and methods 

The clinical component of this study is based on 
the growth data of two cohorts of short children 
from the Wessex Growth Study, on or below 
the 3rd centile for height according to Tanner 
and Whitehouse standards,'? © who entered 
first school at the age of 5 during the school 
years 1985/6 and 1986/7, and who have been 
measured annually since by a single trained 
auxologist (LDV) using an electronic stadio- 
meter (Holtain). Ethnic minorities, children 
with obvious organic disease, and children with 
psychosocial problems, identified by a be- 
haviour questionnaire, were excluded from 
this study. Two years’ height data are available 
for the remaining 78 short normal children (all 
of whom had normal thyroid function tests and 
normal concentrations of haemoglobin, creati- 
nine, urea, and electrolytes) and 65 case con- 
trols of normal height (10th-90th centile) and 
same sex, age, and class at school. The mean 
height SD scores of the short children and their 
controls were —2°26 (0°32) and 0°47 (0°32) 
respectively. 

Our error of measurement, expressed as the 
SD of a single height measurement (SDshm), 
was established as 0:25 cm from a series of calib- 
ration trials, the method for which has been 
reported previously. The 95% confidence 
limits of a single height measurement (+2 
SDshm) were therefore +0°5 cm. The corres- 
ponding 95% confidence limits for expressing a 
12 month height velocity were deduced from the 
formula: +2 (SDshm) V 2 cm/year, giving a 
value of +0°71 cm/year. We applied these confi- 
dence limits to the Tanner and Whitehouse 
height and velocity standards appropriate to 
children of small and average height, in order to 
establish the error associated with these mea- 
surements expressed as absolute height (velo- 
city), height SD scores (velocity SD scores) and 
height centiles (velocity centiles). 
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Results 

CLINICAL OBSERVATIONS 

Two consecutive 12 month measurements of 
height velocity data from the 78 short normal 
school entrants and their controls are shown in 
fig 1. Both groups of children had a normal dis- 
tribution of height velocity. Although the mean 
velocity of the short children was significantly 
lower than that of their controls (p<0-001) on 
both occasions, there was considerable overlap 
between them so that very few individual short 
children (sıx in year one and two in year two) 
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Figure 1 Scattergrams comparing the mean and distribution 
of 12 month height velocities of short normal (<3rd centile for 
height) and control (10th to 90th centile for height) children 

5 and 6 years of age. The data from two consecutive 

12 month periods (year 1 and year 2) are shown. 


Year 1 Year 2 Year 1 Year 2 


or 
ie 
i 


Velocity centiles 


N 

oO 
r+ 
= 





mh 
o 
a 


o 
= 
a 


Control Short 

(n=65) (n=78) 
Figure 2 Correlations between consecutive 12 month height 
velocity values in the group of short normal children (3rd 
centile for height) and their controls (10th to 90th centile for 
height). 
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The 95% confidence limits for height and height velocity 
calculated for a short boy (3rd centile for height) 


Growth data: 
At age 5-0 years 
Height (cm) 99°40 
Height SD score — 1-88 
Centile 3 
At age 6-0 years 
Height (cm) 105-00 
Height SD score ~ 1°87 
Centile 3 
Increment 5-60 cm/year 
95% Confidence limits for height (£0°5 cm) at age 5-0 years: 
Height (cm) 98°90 to 99- 
Height SD score — 1°98 to — 1°77 
Centile 2nd to 4th 


95% Confidence limits for 12 month height velocity (+071 
cm/year) between age 5-0 and 6°0 years: 


Velocity cm/year 4-89 t0 6°31 
Velocity SD score ~ 1°39 to +0°04 
Centile 8th to 52nd 


Growth standards from Tanner and Whitehouse. '* P 


could be distinguished from controls on the 
basis of a single 12 month velocity. Averaging 
the two years, 41% of the short normal children 
had a velocity below the 25th centile, and 15% a 
velocity below the 10th centile. 

There was no significant correlation between 
two consecutive 12 month velocity values in 
either the short children (r=0°17, p>0:05) or 
their controls (r=0-10, p>0-05) (fig 2). 
Although the proportion within each group 
which lay below the 25th and 10th centile 
respectively remained much the same from year 
to year, their identities largely changed. Only 14 
(18%) of the short children lay below the 25th 
velocity centile and three (4%) below the 10th 
centile on two consecutive occasions. The cor- 
responding proportions of the control group 
were one (1:5%) and none respectively. 


IMPLICATIONS OF MEASUREMENT ERROR 
The implications of a known error of measure- 
ment on the interpretation of height and height 
velocity data are adduced in the table. The 
range of centiles and SD scores crossed by the 
95% confidence intervals for height and height 
velocity were calculated for a short boy, grow- 
ing on the 3rd centile for height, between the 
ages of 5 and 6 years. The confidence intervals 
spanned a much wider range of velocity centiles 
(8th-52nd) than height centiles (2nd-4th) (fig 3). 
The confidence intervals will be wider than 
those illustrated in cases where the error of mea- 
surement is greater than that reported here. The 
need for each auxologist to establish his or her 
error of measurement in the manner we have 


` previously suggested is clear,” and fig 4 provides 


a reference chart from which the confidence 
limits corresponding to a given SDshm can be 
determined. 

Finally, fig 5 illustrates the true height and 
height velocity for a (theoretical) slow growing 5 
year old child plotted over three years from 
school entry. Even were the child to retain the 
10th centile for velocity throughout (an unlikely 
event), the precision is such that no individual 
value can be reliably distinguished from the 
25th centile. A trend to low velocity could be 
deduced from two successive values below the 
25th centile,’ but by this time (age 7 years), a 
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Figure3 Tanner and Whitehouse height and velocity centiles on which have been plotted 
the 95% confidence intervals appropriate to a child between the age of 5 and 6 years, 
etd steadily along the 3rd centile for height, given a SD of a single height measurement 
of 0:25 cm. 
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departure from the 3rd centile for height is 
clearly evident. This is an idealised example. In 
practice, the wide fluctuations in successive 
velocity values illustrated in fig 2 are liable to 
occur, making the clinical interpretation of 
velocity data more difficult still. 


FOOTNOTE 

The 95% confidence interval for a change 
in velocity (acceleration/deceleration) can be 
derived from the formula v>-v,+2 (SDshm) 
V6 cm/year/year. (The difference in velocity 
being based on three observations each one year 
apart.) Given an SDshm of 0:25 cm, a change in 
velocity of at least 1:22 cm/year/year would 
therefore have to be recorded to represent reli- 
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Figured The 95% confidence intervals for (A) height and (B) 12 month height velocity data which correspond to a range of 
SDs for a single height measurement (SDshm) varying from 0-1 to 0-7 cm. The illustration corresponds to a child of 5 years 
growing along the third centile for height (2Sth centile for velocity), but the data can be moved up and down the ordinate axis as 


appropriate. 
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FigureS The appearance on height and velocity charts of the same data from a boy who 
was on the 3rd centile for height when first seen on his fifth birthday, and who grew slowly 
along the 10th centile for velocity over the next two years. The 95% confidence intervals for 
height and velocity corresponding to an SDshm of 0°25 cm are shown. 





ably a change. In practice, this means an acce- 


‘leration to the 80th centile for a short 5 year old 


previously growing along the 25th centile for 
velocity (that is, 3rd centile for height). Any- 
thing less could be random error, and the 
reporting of responses to height-promoting 
treatment should be qualified accordingly. 


Discussion 

This report does not deny height velocity a role 
in the auxological assessment of children, but it 
does seek to demonstrate that velocity is no 
more informative than height measurements 
alone, by establishing the confidence intervals 
appropriate to each. Because they are plotted on 
a magnified scale (0-24 cm rather than 45—195 
cm as on a height chart), differences in velocity 
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centile appear more convincing to the eye than 
the corresponding changes in height. But what 
appears to be gained in sensitivity is lost in relia- 
bility, as the error attaching to velocity is prop- 
ortionately greater. The aim of this study was to 
explore the practical implications of the differ- 
ence in reliability between height and velocity 
data. 

In the Wessex Growth Study we were con- 
cerned to identify all school entrants in two 
health districts whose height lay below the 3rd 
centile.* The error, expressed as the SD for a 
single height measurement, was 0°25 cm and 
gave 95% confidence limits which correspond to 
the 2nd to 4th centile.” Our screening proce- 
dure, based as it was on a single height mea- 
surement, might therefore be expected to 
include a small number of children whose true 
height lay above the 3rd centile and to exclude a 
similar number from below. 

For statistical reasons a short normal child 
who grows along the 3rd centile for height pro- 
ceeds (on average) along the 25th centile for 
velocity.’ We have shown that, with an SDshm 
of 0:25 cm, which is comparable with that 
quoted by Tanner’? and less than that shown by 
Prader et al,'? the confidence limits attaching to 
the 25th centile for velocity span the 8th-52nd 
centile. A velocity on the 8th centile would be 
considered pathological, while a velocity on the 
52nd centile, corresponding to a child of aver- 
age height, would be more than adequate for a 
small child. These measurements were taken by 
an experienced auxologist; if height were mea- 
sured with less precision on a less reliable 
instrument, the confidence limits would be 
greater to the degree shown in fig 4. The error 
in velocity will be greater still if measurements 
are made less than 12 months apart.'* First, an 
interval of just four months, as has been 
recommended,’© would by itself triple the 
lengths of the confidence intervals illustrated. 
Second, measurements less than 12 months 
apart introduce seasonal variation. Diurnal 
variation will not influence the confidence inter- 
vals we have derived for height and height 
velocity, which were all based on measurements 
taken at the same time of day, but may be a 
further source of error when following up chil- 
dren in the clinic, where appointment times 
differ. 

Although the distribution of the height velo- 
cities of the short children was predictably 
lower than that of the taller control children, 
there was such overlap that velocity could not 
be safely used to identify slow growers. On 
average, only about 5% of the short normal chil- 
dren on or below the 3rd centile for height had a 
growth velocity over 12 months below the range 
appropriate to the controls. Although the prop- 
ortion of ‘slow growers’ defined by the 25th 
velocity centile remained fairly constant from 
year to year, the individuals represented in this 
proportion changed, and there was no correla- 
tion in the growth velocities of individuals from 
year to year. Thus velocity in small children not 
only fails to reflect previous growth,* but it also 
fails to predict future growth. 

It has been suggested that two consecutive 
velocity values below the 25th centile will iden- 
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tify poor growth.'' This, however, is a calcula- 
tion based on a model child drawn from the 
whole population. All normal children below 
the 3rd centile for height already average less 
than the 25th centile for velocity (see above), so 
that the velocity centile appropriate to a diagno- 
sis of poor growth is not fixed, and will vary 
with the height of the child. It may be possible 
to identify a significantly reduced velocity by 
applying trend statistics to the chance of lying 
on or below a particular centile on two or more 
occasions.!! However, two or preferably three 
measures of velocity would be needed to do this, 
implying at least two or possibly three years of 
observation. By this time, as we have shown, a 
fall on the height centile chart will be evident. 
_ Our data show that in clinical practice a sub- 
stantial proportion (18%) of short normal chil- 
dren are observed to fall below the 25th centile 
for velocity over two successive years compared 
with only 1% of taller controls. This, and the 
fact that a single 12 month velocity measure- 
ment can, through its imprecision, appear to be 
very low, should raise questions about the use of 
height velocity to determine the need for growth 
hormone treatment.°”® 

From a pragmatic point of view there may be 
much to commend the concept of height veloc- 
ity: it can be a useful tool for evaluating group 
data. For the assessment of individual children, 
however, velocity cannot be expressed with suf- 
ficient precision. It cannot identify poor growth 


‘more quickly and does not improve upon the 
‚height data from which it is derived. As we have 


pointed out previously, the variability is largely 
(95%) due to the elasticity of children who are 
of no fixed height from one moment to the 
next.” We conclude that there is considerable 
imprecision in the auxological assessment of 
growth, and we have been unable to demons- 
trate that either height or height velocity is 
superior to the other. When screening for poor 
growth or monitoring response to treatment in 
individuals we are inclined to recommend. the 
height chart for its simplicity and (provided it 1s 
properly maintained) its relatively low risk 
of being misinterpreted. The fact remains, 
however, that making clinical decisions on the 
basis of short term growth data, whatever its 
form, may be misguided and there is a clear 
need for growth surveillance to start at an early 
age and to continue throughout childhood. 
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. Treating tuberculosis 

In 1983, 452 children were treated for tuberculosis in England and 
Wales. Four hundred and one of those had chest or lymph node 
disease and the treatment they were given was described in 
Archives in 1989.' The results of treatment were good but concern 
was expressed about variability in drug dosages and treatment 
duration and about possible overusage of ethambutol and under- 
usage of pyrazinamide. It was pointed out that there was little 
information about the use of short course chemotherapy in 
children. 

The November 1990 issue of The Pediatric Infectious Disease 
Journal contains two important reports of treatment trials and an 
excellent review article by Starke on pages 785-793. 

The first of the trials was done in Papua New Guinea (Bid- 
dulph, pages 794-801) and is by far the largest yet reported, 
involving 639 children. For the first two months treatment was 
given in hospital using four drugs (rifampicin, isoniazid, pyrazina- 
mide, and streptomycin) given daily and for the subsequent four 
months two drugs (rifampicin and isoniazid) were given twice a 
week under professional supervision. Despite high rates of default 
and non-compliance the results showed that six months’ treatment 
is effective. Less than 2% of the children who completed a six 
month course relapsed and most of those had been irregular with 
their treatment. 

The other trial was done in India (Kumar et al, pages 802-6) 
and involved 76 children. Thirty seven were given twice weekly 
treatment throughout, for the first two months with three drugs 
(rifampicin, isoniazid, and pyrazinamide) and for the next four 
months with two drugs (rifampicin and isoniazid). Thirty nine 
children were given daily treatment with three drugs for two 
months followed by twice weekly treatment with two drugs for 
four months. All treatment was given under professional supervi- 
sion. Both treatment regimens were highly effective (>95% cure) 
and there were no relapses over two years of follow up. No serious 
side effects of the drugs requiring changes in treatment were 
encountered. 

The advantages of three drug short (six month) course treat- 
ment include more rapid loss of infectivity in open disease, less 
time in which to be non-compliant, fewer resources required for 
treatment monitoring, and broader drug cover for resistant organ- 
isms. There seems to be no advantage in adding streptomycin. 
Extrapulmonary disease can be treated in the same manner but 
meningitis or bone and joint disease may need longer courses (see 
Starke, above). 

The drug treatment of tuberculosis is a 1 classical case for audit. 
There is no case to be made out for the therapeutic maverick. As 
recommendations change from time to time with the better use of 
old drugs and the introduction of new ones, my own practice is to 
ask a respiratory physician to look over my shoulder occasionally 
to make sure I’m still on the accepted track. The occasions on 
which it is useful to consult an adult orientated physician get 
fewer but this is still one of them. 
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Growth prognosis and growth after menarche in 


primary hypothyroidism 


S Pantsiotou, R Stanhope, M Uruena, M A Preece, D B Grant 


Abstract 

The long term growth of 20 girls and nine boys 
with juvenile primary hypothyroidism was 
studied until they reached final height. At 
diagnosis the girls had a mean age of 8-8 years 
(range 3-0-13-0); mean bone age was 5-4 
years. The mean age of the boys at diagnosis 
was 9-5 years (range 3-7-14-2); mean bone age 
was 6-3 years. The patients were treated with 
thyroxine 100 ug/m?/day and serum thyroxine 
concentrations were maintained in the normal 
range. During treatment the rate of skeletal 
maturation exceeded the change in chrono- 
logical age. Initial mean height SD score for 
bone age before treatment in the girls was 
+0-59 and after 11 years of treatment fell to 
—0-55. Mean height SD score for bone age in 
the boys decreased from +1-6 to —0-87 during 
treatment. 

In the girls the onset of puberty was 1-2 
years later than the normal population but the 
duration of puberty was reduced. Mean age 
(SD) of menarche was 13-8 (1-7) years. The 
pattern of growth in girls with treated hypo- 
thyroidism was abnormal as growth continued 
after menarche, at a time when normal girls 
have almost stopped growing. During the 
second year after menarche our patients still 
had a mean growth velocity of 4-1 cm/year. 

Our data suggest that juvenile primary 
hypothyroidism results in a permanent height 
deficit. In addition, there is a loss of the 
normal harmony between growth and sexual 
maturation in girls, despite adequate treat- 
ment, in that growth continues for much 
longer after menarche than in normal girls. 


Acquired juvenile primary hypothyroidism 
often has an insidious onset characterised by 
gradual deceleration and eventual cessation of 
growth.! The initiation of thyroxine treatment 
in primary hypothyroidism allows rapid ‘catch 
up’ growth. 

It has been suggested that catch up growth is 
complete and final height prognosis is realised.? 
However, there has not been a comprehensive 
evaluation of growth in children with juvenile 
hypothyroidism to test this assumption. Analy- 


sis of long term growth in congenital hypothy- 


roidism also suggests that catch up is limited 
when treatment is delayed.* Children treated 


after the age of I year by Bucher et al had . 


accelerated skeletal development and reduced 
long term growth.’ It has been demonstrated 
that the treatment of prolonged juvenile 
acquired hypothyroidism results in a permanent 
height deficit which is related to the duration of 


thyroxine deficiency before treatment.‘ It is not 
known whether the skeletal system responds in 
an exaggerated manner to normal replacement 
doses of thyroxine but there are artifacts in the 
methodology of the estimation of bone age.° 


There is a normal harmony (or consonance) 
of the sequence of sexual maturation and its 
relationship to the spontaneous growth acceler- 
ation of puberty.° Usually, peak height velocity 
in girls during the pubertal growth spurt occurs 
at breast stage 2 to 3 and menarche occurs 
concomitant with breast stage 4 when growth 
velocity has decelerated.’ In this retrospective 
study we have examined growth after menarche 
in girls with treated primary hypothyroidism 
after the initial catch up phase of growth had 
been completed. 


Patients and methods 

We have examined the records of patients with 
juvenile primary hypothyroidism seen over the 
previous 23 years. Patients were included if they 
had primary hypothyroidism from prepuberty 
and no other endocrinopathy or serious illness. 
All our patients had growth data available from 
the commencement of treatment to maturity. 
These criteria.were satisfied in 20 girls and nine 
boys. Unfortunately measured parental heights 
were unavailable in many of our patients. In the 
analysis of growth during puberty three girls 
who had menarche just before diagnosis and 
subsequently grew a mean of 13°5 cm are 
excluded as it was not possible to distinguish 
between catch up growth due to thyroxine treat- 
ment and normal pubertal growth. 

In most patients a standard dose regimen of 
thyroxine 100 ug/m?/day was used.® Serum 
concentrations of thyroxine and thyroid stimu- 
lating hormone were determined every six 
months during treatment to test short term 
compliance and point to the necessity for an 
alteration of thyroxine dose. 

Long term growth was analysed by compari- 
son of longitudinal changes in statural growth 
and skeletal maturation. The growth standards 
were those of Tanner and Whitehouse.’ !° Bone 
age was determined by the method of Tanner et 
al.'' Pubertal development was staged by the 
method of Tanner.'* Testicular size was assessed 
using a Prader orchidometer.'? 

In normal girls peak height velocity occurs at 
a mean of 1-4 years before menarche when 
growth deceleration is maximal.’ The corre- 
lation of age at peak height velocity and age at 
menarche is approximately 0-9.’ We used these 
data for the analysis of growth during puberty, 
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using the mean growth velocity from the data of 
Tanner and Whitehouse for normal girls. 
Differences between mean values were tested by 
using the ¢ test for unpaired samples. 


Results 
Serum concentrations of thyroxine and thyroid 
stimulating hormone were maintained in the 


physiological range in all patients and there was 


no biochemical evidence of overtreatment. 

In the girls, mean height SD score for bone 
age before treatment was +0°59. At the age of 
17°5 years, after 11 years of treatment, mean 
height SD score for bone age was —0°55 
(p<0°01, fig 1). In the boys the mean initial 
height SD score for bone age was + 1-6 and after 
nine years of treatment at the age of 16°5 years, 
height SD score for bone ‘age decreased to 
—0°87 (p<0°02, fig 2). At attainment of adult 
stature all the patients, except for one girl, were 
below the 50th centile.’ !° 

In the boys with treated hypothyroidism the 
onset of genital development occurred at a mean 
age of 13:3 (1-4) years, 1:7 years later than 
normal population.'* Their sequence of sexual 
maturation and its relationship to the growth 
spurt was indistinguishable from normal boys. 
By contrast, the pubertal growth spurt in the 
girls with treated hypothyroidism had different 
characteristics from those of normal girls.” !° 
The onset of puberty (breast stage 2) was a 
mean of 12-4 years, 1-2 years later than normal 
girls.” Mean age of menarche in our patients 
was 13-8 years (range 10°9-16°7) compared with 
13°5 years in normal girls. Menarche occurred 
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Figure 1 Height SD score for bone age for 20 girls with 
primary hypothyroidism during thyroxine treatment. Circles 
represent mean, horizontal bars I SD. 
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Figure2 Height SD score for bone age for nine boys with 
primary hypothyroidism during thyroxine treatment. Circles 
represent. mean, horizontal bars I SD. 
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Years from menarche 
Figure 3 Growth velocity data from 17 girls with primary 
hypothyroidism treated with thyroxine, related to menarche. 
Solid circles and horizontal bars represent mean (SD) for 
patients with hypothyroidism. Open circles represent mean 
data for normal girls from Tanner et al.’° 


at breast stage 4 in our patients, so that the time 
from the onset of puberty to menarche was 
reduced in the girls with primary hypothyroid- 
ism. Although the intensity of the growth spurt 
was indistinguishable from normal girls, the 
pattern of growth differed (fig 3). Growth 
continued at a faster rate than in normal girls 
and at menarche mean growth velocity was 7°2 
cm/year. During the first year after menarche, 
when normal girls have almost stopped growing, 
our patients had a mean growth velocity of 5:1 
cm/year and during the second year a velocity of 
4-1 cm/year (fig 3). However, the girls demon- 
strated a normal sequence of acquisition of 
secondary sexual characteristics, which ex- 


- chided abnormal pubertal development charac- 


terised by isolated breast development and 
raised concentrations of follicle stimulating 
hormone. - ~- 


Discussion 

We have. demonstrated that catch up growth is 
incomplete after treatment of long standing 
juvenile hypothyroidism. Our patients did not 
attain their genetic growth potential as assessed 
both by height SD score for bone age. The final 
height of all the patients, except one, was below 
the mean for the normal population. Certainly 
precocious or abnormal sexual maturation were 
not contributory factors in our patients.!° Our 
findings, in terms of the long term growth 
sequela of juvenile acquired hypothyroidism, 
are similar to those of Rivkees et al.* 

We have based our assessment of height 
prognosis on height for bone age SD score, 
predominantly as height at diagnosis in our 
patients was far below the normal range. 
Methods of bone age assessment and height 
prediction vary in their accuracy according to 
age and diagnosis.'” Bone age assessment com- 
pares the morphology of the epiphysis and its 
relationship with the metaphysis.'! Certainly 
hypothyroidism disproportionately affects the 
epiphysis and it is not surprising that such 
assessments may deliver low scores. This ‘arti- 
fact’ may explain why: bone age scores at 
diagnosis in primary hypothyroidism are dis- 
proportionately delayed to a greater extent than 
height age. 
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Non-compliance may be important because 
of either over or under treatement. It was 
impossible to exclude intermittent non- 
compliance as a contributory factor in our 
patients. Occasional blood tests, taken at 
planned clinic visits, assess only short term 
events and offer no reassurance of longer term 
compliance. Prolonged severe hypothyroidism 
may diminish the potential for catch up growth. 
It may be that delay in the onset of treatment is 
a critical factor in limiting catch up growth and 
emphasises the need for early recognition of this 
disorder. '® 

We do not know what leads to disproportion- 
ate catch up in bone age compared with height 
advance during early treatment. Histomorpho- 
metric studies in adults with primary hypo- 
thyroidism have shown exaggerated osteoclastic 


activity and reduced bone mass. This finding- 


may be related to calcium deficiency and is 
associated with low concentrations of stimulated 
calcitonin.'? 7° It is probable that multiple 
factors are involved. 

In the girls growth at puberty both in 
duration and quality was abnormal. Our 
patients had an abnormal pattern of growth 
after menarche with loss of the normal relation- 
ship between growth and pubertal maturation. 


‘The girls continued to grow after menarche 


even though initial catch up growth had been 
completed. We can offer no explanation of why 
girls with juvenile primary hypothyroidism are 
shorter than expected, despite growing faster 
and for longer during puberty. The use of a 
gonadotrophin releasing hormone analogue, to 
delay the timing and duration of puberty, may 
be a possible therapeutic approach but results in 
short normal children have been disappointing.” 

These observations indicate that the treat- 
ment of acquired primary juvenile hypothyroid- 
ism 1s associated with compromised final height 
despite adequate replacement treatment. In 
girls after the initial phase of catch up growth 
associated with thyroxine treatment, both 
growth and its relationship to pubertal develop- 
ment remain abnormal. Despite the age at onset 
of primary hypothyroidism, ‘adequate’ replace- 
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ment treatment with thyroxine does not lead to 
a normalisation of growth and its relationship to 
sexual maturation. 
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A child is dying: what do you do? 


Endotracheal tube Paediatric resuscitation chart 


interna! 
Length | diameter 
{cm} imm} 





Length {cm} 
50 60 7080 100 120 140 150 160 


14 

12 

40 

8 

4 

2 

18 manina 
S months 
& months 
3 months 


í 5 10 20 30 40 50 


Weight (kg) 

Adrenaline {m} of 1710600) 0-5 1 2 3 4 5 
intravenaus ar endotracheal 
Atropine {mg} 0-1 0-2 0-4 0-6 0-6 0-6 
intravenous or endotracheal 
Bicarbonate (ml of 8-4%} 5 10 20 30 40 50 
intravenous 

1 2 4 6 8 10 

2 5 75 10 10 


Resuscitating children is different from 
resuscitating adults—and more difficult. Because 
cardiorespiratory arrest in children is uncommon 
each doctor’s experience of handling it is limited, 
and there is a tendency to forget the recommended 
drug doses; also, because children come in so 
many different sizes it is hard to judge the correct 
dose, especially if you do not know the child’s 
weight. Yet delay or inaccuracy in treatment might 
be fatal. The Paediatric Resuscitation Chart, 
devised by Dr Peter Oakley and based on the 
guidelines of the Resuscitation Council (UK), 
gives you at a glance the essential information for 
making rapid and accurate decisions. The chart is 
available as an A2 size poster or a pocket siżed 
postcard. 





Age tyears) 
* 










Calcium chtoride (mmol}* 
intravenous 


1-25 2-5 





Diazepam (mq) intravenous 
per ractum 


25 5 10 — ~ _ 
Glucose {mi of 80%} 10 20 40 60 8 100 
intravenous 
Lignocaine (mg) 5 10 20 30 40 50 
intravenous or endotracheal 
` Salbutamol {pg} 25 50 100 160 200 250 
intravenous 
i 10 20 40 60 80 100 
56 400 200 308 400 sog 






Poster: UK £3.50; Abroad £4.50 including packing 

and postage, by air abroad. _ 

Single copies of a postcard version of the chart are available, free of 
charge, on receipt of an A5 stamped addressed envelope 

(16cm x 24cm; 6in x 9in). Bulk orders please write to the Book 
Department. 

Credit cards are accepted: ACCESS, VISA, AMERICAN EXPRESS 
(please give full details) 
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Initial OC defibrillation (J) 
Initial fluid infusion in 
hypovolsemic shock {mi} 


* One millilitre calcium chioride 1 mmol/mt = 1-5 ml calcium chlorida 10% 34-5 ml calcium gluconate 10% 
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Treatment of constitutional growth delay in 
prepubertal boys with a prolonged course of 


low dose oxandrolone 


A Papadimitriou, S Wacharasindhu, K Pearl, M A Preece, R Stanhope 


Abstract 
Forty six prepubertal boys who had consti- 
tutional growth delay were treated with 
oxandrolone. Mean age at the onset of treat- 
ment was 11-9 years (range 9-0-14-0) and bone 
age delay was 1-9 ‘years’. The dose of 
oxandrolone used was a mean of 0-05 mg/kg 
(range 0-03—0-18) for a mean of 0-9 years 
(range 0-2-3-6). Height velocity increased 
from a mean (SD) before treatment of 4-0 
(1-0) to 7-5 (1-2) cm/year with oxandrolone. 
Growth rate was sustained at 7-6 (2-2) cm/year 
in the period after treatment. Those boys who 
attained a testicular volume of 4 ml or greater 
at the end of the treatment period had the 
most pronounced sustained growth accel- 
eration. Height for bone age SD score did not 
alter significantly from a mean of —1-0 before 
treatment to —1-2 after treatment. 
Oxandrolone is a safe and effective treat- 
ment for prepubertal boys with constitutional 
growth delay. 


Oxandrolone is an anabolic steroid that 1s 
effective in a low dose regimen for the treatment 
of constitutional delay of growth and puberty.' 
This is not a placebo effect” and does not 
decrease final height.* For psychological reasons 
such children may require treatment to improve 
their short term growth rate at an earlier stage of 
sexual maturation than would be expected for 
the spontaneous growth spurt of puberty.! 
Treatment alters the ‘tempo’ of their growth 
without altering final height prognosis.! 

By definition, constitutional delay of growth 
and puberty requires short stature, delay of 
epiphyseal maturation, and pubertal delay (>2 
SD). However, children who will progress to 
develop constitutional delay of growth and 
puberty can often be predicted at a much earlier 
age by their pattern of bone age maturation and 
growth delay (which we have described as 
constitutional growth delay). We believe it is 
important to treat such children at an early stage 
in order to anticipate and prevent more severe 


psychological problems during puberty. During 
the pubertal growth spurt growth is dependent 
on a combination of growth hormone and sex 
steroids.* We have substituted the latter by the 
use of an anabolic steroid in order to improve 
short term growth rate, and hopefully to induce 
a sustained growth acceleration, and to anticipate 
the boys’ stature falling below the normal range 
at an age when emotional, educational, and 
physical development is at a premium.” © Recent 
data has pointed to the important psychological 
sequelae of constitutional delay of growth and 
puberty’ and we have attempted to anticipate 
some of these problems. 


Patients and methods 

Clinical data from 46 patients with constitutional 
growth delay are shown in the table. Mean age 
for the onset of treatment was 11-9 years, which 
is almost the mean age for the onset of puberty 
in normal boys.® The height of all the boys was 
below the 3rd centile for chronological age, 
although one was just below the 10th centile. 
All had symptoms of psychological disturbance, 
which related to their short stature. Eight boys 
had mild asthma but had not been treated with 
systemic corticosteroids. None of the boys had 
any other medical disorders. 

Most of the boys commenced oxandrolone 
treatment in a dose of 1°25 mg daily, although 
some (n=5) started at 2°5 mg per day. This 
calculated at a mean dose of 0°05 mg/kg (range 
0:03-0:18). Duration of treatment was 0-9 years 
(range 0'2-3°6). Treatment was continued either 
until a 4 ml testicular volume was attained or 
until a satisfactory increment in height had been 
gained and the patient did not wish to continue 
treatment. 

Growth was measured by standard anthro- 
pometric techniques” and bone age measured by 
the method of Tanner et al.!® Testicular volume 
was assessed using a Prader orchidometer’! and 
with experience 2, 3, and 4 ml volumes could be 
distinguished. Height SD score for bone age 
related height and epiphyseal maturation to the 


Clinical and growth data on 46 prepubertal boys with constitutional growth delay treated with low dose oxandrolone. Results 


are mean (range) except for height SD score 


Before treatment 


During treatment After treatment 


(n=46 (n=46) (n=43 
Chronological age at onset of treatment (years) 11:9 (9-0 to 14°0) 
Duration of period (years) 0-8 (0°2 to 3°3) 0:9 (0°2 to 3-6) 0-8 (0°2 to 1°8) 


Bone age delay (years) 

Time from start of treatment to onset of puberty (years) 

Height SD score for bone age 

Mean (SD) change in height SD score for bone age 
from values before treatment 

p Value 


-10(-3’0 to +1°7) 


—1°9 (-5-2 to ~0°1) 
0:8 (0°25 to 3°6) 
-1’2(-3 71013) 


-0'2 (0-8) 
>0°5 


Growth velocity (cm/year ) 


(ee) 


(ez) 


p< 0:001 a; 


p>0:5——_y 
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mean and SD of the normal population as a 
measure of height prognosis.'~ '* Statistical 
analysis was by paired z test. 


Results 

During oxandrolone treatment growth velocity 
increased from a mean (SD) of 4:0 (1:0) to 7°5 
(1:2) cm/year, which was significant to a level of 
p<0:001. Forty of the boys entered puberty 
during the treatment period and these boys 
tended to grow at a faster rate than the six who 
remained prepubertal (fig 1). In the period after 
treatment the growth rate was sustained at a 


{*). 


= r ‘ > 





oxandrolone for 3°6 years and demonstrated an 
appropriate advance in his epiphyseal matu- 
ration. None of the boys experienced adverse 
reactions during their course of treatment. 


Discussion 

Oxandrolone in prepuberty caused an effective 
increase in growth rate that was at a higher level 
in those boys who entered puberty during their 
course of oxandrolone treatment. Normal boys 
would not expect the commencement of their 
growth spurt to be until the attainment of 10 ml 
testicular volume (genitalia stage 3-4).'* 
Oxandrolone treatment brought forward the 
timing of the growth acceleration, which was 
sustained in the post-treatment period, while 
allowing a normal pattern and rate of pubertal 
maturation. This was of therapeutic value to the 
boys as the treatment anticipated the growth 
deceleration that would have occurred as well as 
their probable late timing of the spontaneous 
growth spurt.'” Boys with constitutional delay 
may experience enormous psychological diffi- 


Treatment of constitutional growth delay in prepubertal boys with a prolonged course of low dose oxandrolone 


Although short courses of oxandrolone are 
effeetivein-the-treatment-oef-eonstitutional delay 
of growth and puberty, prolonged 
oxandrolone, for about one year, are required in 
prepubertal boys with constitutionally delayed 
growth. Such longer courses do n 
adverse side effects, as indeed such prolonged 
courses appear to be safe when used in girls with 
Turner’s syndrome.’® An alternative treatment 
regimen would be to use depot or 
osterone preparations. The latter are irregularly 
absorbed from the gastrointestinal tract and the 
former may lead to a rapid 
secondary sexual characteristics as well as an 
induced growth acceleration. In our 
the psychological benefits of a prolonged course 
of oxandrolone are significant and such treat- 
ment regimens are safe and effective 


-ourses Ol 


lead to 


oral test- 


induction ol 


experience 
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Screening for familial hypercholesterolaemia by 
measurement of apolipoproteins in capillary blood 


F Skovby, S Micic, B Jepsen,‘S O Larsen, B Hansen, L Tegllund, B N Pedersen 


Abstract 

A total of 3025 families with schoolchildren 
aged 6-8 years were offered pilot screening 
for familial hypercholesterolaemia by mea- 
surement of the concentrations of apolipopro- 
teins A-1 and B in the children’s capillary 
blood and by analysis of their family histories 
of early ischaemic heart disease. The concen- 
trations of the apolipoproteins were determi- 
ned by double rocket immunoelectrophoresis 
of an eluate of blood spotted on filter paper. 
Results were available from 2085 children. 
Because their B:A-1 ratio was above the 97-5 
centile and their concentration of B was above 
the 99th centile, 54 children (2-6%) were 
selected to have their apolipoprotein concen- 
trations reassessed. The 17 children (0-8%) 
whose values were persistently above the cho- 
sen cut off points, and all of their available 
first and second degree relatives, had fasting 
determinations of serum lipid concentrations 
carried out. Raised serum concentrations of 
low density lipoprotein cholesterol and an 
autosomal dominant pattern of hypercholes- 
terolaemia were found in 12 children and 10 
families, respectively, suggesting a higher 
incidence of familial hypercholesterolaemia 
than the reported 1:500. Further investiga- 
tions among family members disclosed hyper- 
cholesterolaemia in 29 relatives. A family his- 
tory of early ischaemic heart disease was eli- 
cited by questionnaire, and was positive in 
only five of the 12 schoolchildren with hyper- 
cholesterolaemia. 

We conclude that analysis of apolipopro- 
teins from capillary blood spotted on filter 
paper is suitable for screening for familial 
hypercholesterolaemia, and that this method 
is more efficient than screening based on 
family history. 


Heterozygous familial hypercholesterolaemia 
has an overall incidence in various populations 
of about 1:500, making it one of the most com- 
mon inborn errors of metabolism.! Affected 
adults have a significantly increased risk of early 
ischaemic vascular disease including fatal 
myocardial infarction. In people without known 
predisposition to hypercholesterolaemia, raised 
concentrations of total cholesterol and low 
density lipoprotein cholesterol, which are pre- 
sent from birth in familial hypercholesterolae- 
mia,” are strongly correlated with early (20 years 
old) atherosclerotic lesions in the aorta and 
coronary arteries.? The apparent onset of ather- 
osclerosis in childhood makes the detection and 
proper management of children with hypercho- 


lesterolaemia (including familial hypercholes- 
terolaemia) a matter of concern to many 
paediatricians, _ 

This paper describes a pilot screening pro- 
gramme for familial hypercholesterolaemia 
among schoolchildren by measuring the concen- 
trations of apolipoproteins A-1 and B in capil- 
lary blood. 


Patients and methods 
In August 1987, 3025 families with children 
aged 6-8 years who were starting in the first 
grade of the Copenhagen school system were 
offered the chance to participate in a pilot 
screening programme for the detection of fami- 
lial hypercholesterolaemia. The parents were 
asked to answer a questionnaire about the 
occurrence of coronary heart disease in their 
families. Upon completion of the questionnaire, 
the parents were requested to give their permis- 
sion for blood samples to be taken from their 
child. 

Capillary blood was obtained from the chil- 


‘dren without prior fasting between 8 am and 12 


noon. About five drops of ear blood were col- 
lected on to filter paper (No 2992; Schleicher 
and Scholl), which was allowed to dry at room 
temperature for two hours, transported to the 
laboratory within six hours, and stored at 4°C in 
sealed plastic bags containing silica gel capsules 
until quantification of apolipoproteins on the 
next day. 

Measurements were made by double rocket 
immunoelectrophoresis as previously described.* 
After determination of the centile values for 
apolipoproteins, all children with ratios of B:A- 
] greater than the 97:5 centile or with a concen- 
tration of apolipoprotein B above the 99th cen- 
tile were selected for repeat sampling of capil- 
lary blood and analysis of apolipoproteins. The 
children whose values were persistently above 
the chosen cut off points, and all their available 
first and second degree relatives, had venous 
blood taken after a 12 hour fast for analysis of 
the serum concentrations of total cholesterol, 
high density lipoprotein cholesterol, very low 
density lipoprotein cholesterol, and triglycer- 
ides as previously described.” Low density 
lipoprotein cholesterol was calculated as total 
cholesterol minus the sum of high density lipop- 
rotein cholesterol and very low density lipopro- 
tein cholesterol. If the serum concentration of 
low density lipoprotein cholesterol in a child 
was above the 95th centile for age,” additional 
analyses of the lipid profile were done at inter- 
vals of at least three weeks. A physical examina- 
tion was made, and appropriate laboratory tests 
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were done to exclude causes of secondary hyper- 
lipidaemia: The children with hypercholester- 


.Olaemia were offered follow up care in the 


paediatric lipid clinic. 
The parents were asked to complete a ques- 
tionnaire about the incidence of chest pains or 


‘coronary occlusions in themselves or their rela- 


tives (parents, sibling, aunts, and uncles). 
Information about the age at the time of the first 
symptom was requested. A positive family his- 
tory of early ischaemic heart disease was defined 
as angina pectoris or myocardial infarction 
before the age of 50 in men, and before the age 
of 60 in women. 

The study protocol was approved by the sci- 
ence and ethics committee of the Copenhagen 
City Hospitals. 


Results 


Of the 3025 questionnaires distributed, 2657 


(87°8%) were returned; the parents of 2166 
(71°6%) gave permission for capillary blood 
samples to be taken from their children. No 
information was given about the reasons why 
491 families (16°2%) did not consent to the sam- 


pling of blood. 


Measurements of apolipoproteins A-1 and B 
were successful in 2085 schoolchildren 6-8 
years old. The cumulative distributions of the 
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observations and the B:A-1 ratio are shown as 
probit diagrams in the figure. The distributions 
of apolipoproteins B and A-1 are close to nor- 
mal, whereas the distribution of the ratio is 
slightly skewed. Children with a B:A-1 ratio 
above the 97°5 centile (about 0°83) had their 
capillary apolipoprotein concentrations checked. 
Of the 47 children, 12 had a B:A-1 ratio that 
was persistently above 0°83. Only one of these 
12 children had serum concentrations of total 
cholesterol and low density lipoprotein choles- 
terol below the 95th centile for Danish children 
of the same age group.” The table shows the 
serum lipid concentrations in the other 11 
children and their parents. In 10 families both 
the child and one parent had biochemical signs 
of type Ila hyperlipidaemia. One of these 
families was already known to have familial 
hypercholesterolaemia (case 87, table). 

Among the 19 children with an apolipopro- 
tein B concentration above the 99th centile 
(about 1-2 g/l), 12 also had a B:A-1 ratio of 
more than 0°83. On repeat measurement of 
capillary apolipoproteins, 11 of the 19 children 
had concentrations of apolipoprotein B consis- 
tently in the top centile; sıx of the 11 children 
also had a B:A-1 ratio of more than 0°83. Sub- 
sequent analysis of serum lipid profiles from the 
11 children showed that seven had type Ia 
hyperlipidaemia. Only one of the seven children 


(case 110, table) had not been detected because 
two subsequent B:A-1 ratios were above 0°83. 
Conversely, this criterion for selection identi- 
fied three children with abnormally high con- 
centrations of serum lipids but with an apoli- 


B:A~1 ratio 
02 04 0-6 08 10 1:2 
Be S S 





7 7 poprotein B concentration below the 99th cen- 
1 tile (cases 98, 99, and 106, table). 

95% Extensive family investigations disclosed 29 

a close relatives between 1 and 59 years of age 

2 with previously undiagnosed hypercholester- 

B otso% olaemia indicated by concentrations of low 

à density lipoprotein cholesterol above the 95th 

4 centile for age and sex.° In six. families such 

cases were identified in at least three genera- 

A tions. Three of four other families in which 
1% 


hypercholesterolaemia was documented in only 
—3: | two generations were immigrant families from 
0 02 04 06 08 10 12 14 16 18 20 22 24 which the grandparents were not available for 
Apolipoprotein {g/l} lipid analysis; in the fourth family a paternal 

Cumulative distributions of apolipoprotein A-1, apolipoprotein B, and the ratio B:A-I grandfather had died from a myocardial infarc- 
(probit scales; n=2073). The curves represent results from the first measurement of capillary’ tion at the age of 55. Thus in 10 families there 
apolipoproteins, excluding the 12 children later identified as having hypercholesterolaemia. was an autosomal dominant pattern of type IIa 


Concentrations of capillary apolipoproteins and fasting serum lipid profiles in children with hypercholesterolaemia and their parents 


Case Child Father Mother Family 

NO ge ans ae OE = ee ee a ee ee 0 
Apolipoproteins (g/l) Cholesterol (mmol/l) Triglycerides Cholesterol (mmolil) _ Triglycerides Cholesterol (mmol/l) Triglycerides ischaemic 
Be ee | |... er u [mol rer (DL heart 
BAI B Total Low density High density Total Low density High density Total Low density High density disease 
ratio lipoprotein lipoprotein lipoprotein lipoprotein lipoprotein —_ lipoprotein 

87 093 1°30 82 67 I] 1-2 101 87 1:0 09 Not Not Not Not Yes 

m measured meas 

% 095 1°32 72 52 1-4 1-3 72 55 1:0 2'6 43 2-3 1-3 1-0 No 

97 099 1-29 62 48 i-l 0:7 60 42 -FI 1-5 49 39 16 08 Yes 

R 0% 0-93 60 42 12 12 9066 16 14 - 49 3-1 1-4 6-9 No 

9 0:96 0°98 65 44, 11 21 86 67 10 21 5.3 3-8 1-5 0% Yes 

101 0°96 1°12 63 52 1.0 06 96 82 0°8 15 40 ‘21 1°7 0°5 No 

102 1:03 1°57 83 69 1-0 1:1 83 .57 1-7 22 48 80 0:9 1:9 No 

103 1-38 1-68 96 83 1'0 0:8 10:2* 90 0'8 14 Not Not Not Not Yes 

f measured measured measured measured 

1065 1-50 201 88 76 1-0 07 56 +1 1:2 0-9 11-6* 10°5 I} 0°5 No 

16 091 1:07 70 56 09 13 32 9} 1-0 5:7 63 4:7 1-4 07 No 

107 1-31 1:37 TG 64 ri G6 65° 52 07 15 46 32 ri 06 No 

110 0-80 1:39 68 49 15 0-8 5S8 44 11 08 69 4'6 1-8 PI Yes 
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hyperlipidaemia. In the remaining two families 


. (cases 97 and 107, table) parental lipid analyses 


showed concentrations of low. density lipopro- 
tein cholesterol below the 95th centile for age 
and sex. | | 

THe children listed in the table were all nor- 
mal on physical examinations, except for one 


child who was obese (case 98). Laboratory. 
investigations of the causes of secondary hyper- 
. lipidaemia were unrevealing. All but one of the 


families were interested in counselling and fol- 
low up for the children with hypercholester- 
olaemia. Information about risk factors for 
atherosclerotic vascular disease and about the 
principles behind a diet to lower blood choles- 
terol concentrations was offered by the physi- 
clan in the’ paediatric lipid clinic. Particular 
emphasis was placed on a reduction of the 
intake of saturated fats from meat and dairy 
products, because both of these feature largely 


in the traditional Danish diet. The children 


were then seen at three to six month intervals 


‘and height, weight, and lipid profile were mea- 


sured. After six to 12 months a three day dietary 
history was recorded by a dietitian, and the 
daily intakes of energy, saturated and polyunsa- 
turated fats, and cholesterol were calculated. 
Further advice depended upon the reduction of 
total and low density lipoprotein cholesterol 
concentrations achieved and on the dietary his- 
tory. Two years after diagnosis no child had 
required hyperlipidaemic drugs. 

Analysis of the 2657 completed question- 
naires disclosed a history of early ischaemic 


heart disease in 398 families (15: 0%). Of the 491. 
families who did give permission for blood 


samples to be taken from their children, 27 gave 
a positive family history by questionnaire 
(55%). Only five of the 12 children identified as 
having hypercholesterolaemia by apolipoprotein 
analysis had a positive family history of early 
ischaemic heart disease on the questionnaire. 


Discussion ° 


According to official recommendations screen- 
ing of children for hypercholesterolaemia 
should be directed at high risk groups—that is, 
those with a family history of cardiovascular dis- 
ease or hyperlipidaemia.’ ® Several concerns 
have been raised about a low risk, population 
based approach, including the cost of techni- 
ques for measuring cholesterol and the ability of 
the tests to detect all children with raised low 
density lipoprotein cholesterol concentrations. 
Andersen et al have shown that it is feasible to 
screen newborns for hyperlipoproteinaemia by 
measuring very low density lipoprotein and low 
density lipoprotein cholesterol concentrations in 
cord blood, a method which is impractical for 
routine neonatal screening.” More’ recently, 
newborn infants have been screened for familial 


hypercholesterolaemia_by measurement of apo- ` 


lipoprotein B in capillary blood. !° The methods 
used in the present study were developed for the 
same purpose—that is, to screen newborns 
for familial hypercholesterolaemia using blood 
from the filter paper currently used in Denmark 
to screen for phenylketonuria and congenital 
hypothyroidism. The method used for analysis 
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of apolipoproteins is based on immunological 


` quantification of these substances from small 


amounts of capillary blood easily obtained from 
infants, and it is suitable for screening a large 
number of children.* 

Familial hypercholesterolaemia.is character- 
ised by raised serum low density -lipoprotein 
cholesterol concentration. Direct measurement 
of this lipoprotein is difficult, and an estimate 
based on the serum values of other lipid frac- 
tions requires larger amounts of blood than are 


“normally. obtainable from capillary samples. 


Several studies have suggested that the circulat- 
ing concentration of apolipoprotein B, the apo- 
protein of low density lipoprotein, is a better 


.predictor of premature coronary artery disease 


than is the total’ plasma cholesterol: concentra- 
tion.'! The absolute concentrations of apolipo- 


- proteins in blood absorbed in filter paper cannot, 


be determined accurately because the precise 


-volume of blood is not known.* This difficulty 


is circumvented by the simultaneous measure- 
ment of apolipoprotein A-1 and the use of the 
B:A-1 ratio as the criterion for detection of 
familial hypercholesterolaemia. In capillary 
blood from 68 such patients aged 4-42 years we 
have previously found the B:A-1 ratio to be con- 
sistently above 0:90.4 We therefore took the 
ratio of 0°83, or the 97°5 centile of our study 
group, as the threshold for recall so that we had 
a wide enough margin to avoid false negative 
results. Our data did not allow an estimate of 
the number of false negative results—that is we 
cannot find out how many children with B:A-1 
ratios below 0°83: have hypercholesterolaemia. 
None the less, the unexpected high incidence of 
familial cases of hypercholesterolaemia (about 
1:200 compared with the usually reported inci- 
dence of familial hypercholesterolaemia of 
about 1:500') suggests that the number of false 
negative results is small..It is possible that some 
of the-.children detected have hyperchole- 
sterolaemia that is not low density lipoprotein 
receptor deficient heterozygous familial hyper- 
cholesterolaemia—for example, familial -com- 
bined hyperlipidaemia or inherited defects of 
apolipoprotein B. Although the data presented 
in the table favour the diagnosis of familial 
hypercholesterolaemia in most cases, this can be 
confirmed only by direct assay of the number or 
the molecular structure of low density lipopro- 
tein receptors in cells from affected patients. 
Only five of the 10 children with documented 
parental hypercholesterolaemia had family his- 
tories of early ischaemic heart disease (table). 
The lack of such information in the other fam- 
ilies could be explained in several ways. Many 
people with hypercholesterolaemia do not 
develop signs of coronary disease until they are 
in their sixties or later, and they would not have 
contributed to a positive family history by our 
criteria. A proportion of subjects heterozygous 
for familial hypercholesterolaemia live to old 
age protected by factors as yet unknown from 
their raised low density lipoprotein cholesterol 
concentrations and thus from fatal ischaemic 
heart disease. '* Whereas the high familial corre- 
lation: between early coronary deaths and fami- 
lial hypercholesterolaemia. makes a strong case 
for proper management of children with a posi- 
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tive family history, the need to identify and 
perhaps treat affected children without such a 
history is less obvious.!? Finally, and most 
likely, there may have been under-reporting of 
ischaemic heart disease in the questionnaires 
because of the poor reliability of anecdotal 
family medical information.! 

Screening of adults for hypercholesterolaemia 
is a controversial issue, let alone screening of 
children. In view of the serious long term prog- 
nosis, however, we believe that screening for 
familial hypercholesterolaemia is justified at any 
age. Dietary habits are established in childhood, 
and affected children are likely to benefit from a 
prudent diet; some may also benefit from medi- 
cal treatment. Our results support the conclu- 


sion drawn from several recent studies of 


hypercholesterolaemia in  children-—-namely, 
that selective screening based on family history 
is inadequate as only about half of all children 
with hypercholesterolaemia are identified.!*'® 
In contrast to screening of adults for hyper- 
cholesterolaemia, the usefulness of total serum 
cholesterol concentration as a screening test for 
raised low density lipoprotein cholesterol con- 
centrations in children is limited by the higher 
concentrations of high density lipoprotein cho- 


lesterol in many children and adolescents than ` 


in adults.” Apolipoprotein B has test character- 
istics superior to those of total cholesterol con- 
centration in detecting raised concentrations of 
low density lipoprotein cholesterol in serum.'? 
Our findings confirm the feasibility of using 
measurement of capillary apolipoproteins as a 
screening test for hypercholesterolaemia in 
children. 


We dedicate this paper to the memory of Dr GE Andersen, who 
initiated the study. Inger Jeppesen, Lis Vejbak, Winni Sabro, 
and Alice Nielsen gave us superb technical assistance. Our col- 
leagues in the paediatric consultation service of the Copenhagen 
school system were most helpful in the collection of blood sam- 
ples. Financial support was provided by Helsefonden and the 
Danish Heart Association. 
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Gastro-oesophageal reflux and respiratory function 
in infants with respiratory symptoms 
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Abstract 

This study aimed to define the incidence and 
severity of gastro-oesophageal reflux (GOR), 
as measured using 24 hour oesophageal pH 
monitoring, in 38 infants with recurrent 
respiratory symptoms and to relate these find- 
ings to measures of respiratory function. 
Twenty one infants had a pH under 4 for more 
than 5% of the time (one definition of abnor- 
mal GOR) and nine had GOR exceeding age 
related normal values. Maximum expiratory 
flow at functional residual capacity was 
reduced in 37 infants, airways resistance was 
raised in 19 infants, and thoracic gas volume 
was abnormal in 11 infants. 

There was no association between indices 
of GOR and measures of lung function 
whether assessed by correlation or by x? 
analysis for normal versus abnormal values. 
However, individual infants appeared to have 
respiratory symptoms produced by GOR. 
This suggests that host responsiveness to 
GOR may be of greater relevance than the 
amount of GOR. 


Gastro-oesophageal reflux (GOR) is sometimes 
regarded as a key underlying cause of recurrent 
and chronic respiratory symptoms, both in 
adults’? and in children.*!° In infants GOR 
might be relatively more important as posseting 
is common,!” and the effect of conventional 
bronchodilator treatment on cough and wheeze 
is unimpressive.'® !? Surprisingly few previous 
studies addressing the association between GOR 
and respiratory symptoms have been restricted 
to infancy.’ Information about the frequency of 
the association between the two and the nature 
of any possible cause and effect relationship 
remains incomplete. 

In many studies patients have been selected 
on the basis of a history compatible with GOR, 
a poor response to treatment, or anomalies in 
their clinical course such as frequent episodes of 
lung collapse or consolidation on chest radiogra- 
phy. These series have included children with a 
range of respiratory disorders making it difficult 
to reach precise conclusions. We have tried to 
minimise potential bias by selecting infants pre- 
senting with recurrent or chronic respiratory 
symptoms that were not caused by readily 
definable lung disease, such as bronchopulmon- 
ary dysplasia or cystic fibrosis, and without the 
imposition of other restrictions. We postulated 


. that, were the association of respiratory symp- 


toms and GOR confirmed, objective indices of 
respiratory and GOR severity would be directly 
related. We therefore aimed to determine the 


incidence and severity of GOR and of respira- 
tory function abnormalities in this group and to 
investigate a possible association between them. 


Patients and methods 

CASE SELECTION 

All infants aged less than 16 months presenting 
as general practitioner referrals to the paediatric 
outpatient department or admitted to hospital 
with cough and/or wheeze were considered for 
the study. The cough or wheeze was either 
chronic (over six weeks) or recurrent (each epi- 
sode lasting longer than one week or occurring 
more than once a month). The study was appro- 
ved by the ethical committee of the Leicester- 
shire Health Authority. Exclusion criteria inclu- 
ded mechanical ventilation in the newborn 
period, previous thoracic Operations, or discov- 
ery of an underlying disorder on investigation 
(other than GOR). Investigations were per- 
formed as clinically indicated and no patients 
were found to have tuberculosis, cystic fibrosis, 
cardiac disease, or an immunocompromising 
disorder. One patient was excluded on account 
of a severe debilitating neurological disorder 
from which he subsequently died. Several 
potentially eligible infants were not included as 
their parents declined the invitation to partici- 
pate in the study on the grounds that their chil- 
dren had relatively mild symptoms. Forty 
infants began the study but two were withdrawn 
when they removed the pH probe after a few 
hours and their parents did not wish it to be 
replaced. 

The final study group from whom full data 
were available comprised 38 infants, 21 boys 
and 17 girls, aged 3 to 15 months, mean age 8 
months. Three had been born prematurely but 
had not been ventilated. Table 1 summarises 
their clinical and radiography findings. Most 
had wheezing as their major symptom. In seven 
cases the first episode of wheezing occurred 
during acute bronchiolitis (when they were 
positive for respiratory syncitial virus). In six 
others bronchiolitis appeared to be the initial ill- 
ness but virological data were not available. 
All infants had at least one chest radiograph 
and when clinically indicated some had further 
films taken. A single abnormal radiograph 
was seen in 11 infants, patchy collapse or 
consolidation in seven, and diffuse peribronchial 
thickening in four; two other infants had recur- 
rent episodes of consolidation confirmed on 
radiography. Twenty four infants had a family 
history of atopic disorders (asthma, hay fever, 
eczema) in first degree relatives. Smoking in the 
home was reported for 30 infants of whom 21 
had also been exposed in pregnancy. 
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Table 1 Classification of infants by history and findings on 
radiography 


Wheeze (n=33) Cough (n=5) 


Continuous Episodic Continuous Episodic 
(n=9) (n=24) (n=4) (n=1) 


Previous bronchiolitis: 
Yes (RSV+) 
Yes 
No 


Chest radiography: 
Normal: 
Yes (RSV+) 
Yes 
No 
Diffuse changes: 
Yes (RSV+) 


additional measure of ‘normal’ was used. By 
defining the upper limit of normal for the reflu» 
index for the total time either as RI 
score=4, two overall results of normal or abnor- 
mal were given to each pH study 

During the pH studies parents and nurses 
were asked to note the timing and duration of 
any symptoms, particularly episodes of wheeze 
or cough. 


MEASUREMENT OF RESPIRATORY FUNCTION 
Assessment of respiratory function consisted of 
plethvsmographic determination of 





850 


occlusion for thoracic gas volume measurement. 
At least five representative breaths were chosen 
from the charted and computerised records to 
calculate airways resistance by conventional 
methods.” 7? Specific conductance was cal- 
culated by dividing the reciprocal of air- 
ways resistance (conductance) by thoracic gas 
volume. 

Respiratory function tests were expressed as a 
percentage of previously published predicted 
values based: on the infant’s length.”? 7° Thor- 
acic gas volume was described as abnormal if it 
was over 120% or under 80% and very abnormal 
if over 140%. Airways resistance was considered 
raised if over 120% and very high if over 200%. 
Specific. conductance was described as low if 
under 80% and very low if under 50%. VmaxFRC 
was graded at less than 80%, 50%, and 25%. 


METHODS OF COMPARISON 

Each measure of GOR was compared with each 
measure of respiratory function using Pearson 
correlation. This was then repeated using only 
the results from’ infants with abnormal GOR. 
Then a. series of x? tests for normal versus 
abnormal results was performed using both 
definitions of normal and abnormal for GOR. 
The x? tests were also performed with only the 
extreme lung function test results classified as 
abnormal. These multiple comparisons run a 
high risk of demonstrating apparently signifi- 
cant results by chance but as it was uncertain 
which of the values might be relevant it was felt 
that this was a suitable initial approach. Any 
result appearing significant in this way would 
have to be retested in a new study. 


Results 

Completed data for GOR variables and respira- 
tory function measures were obtained for all 38 
infants studied. Twenty one infants had abnor- 
mal GOR as defined by a reflux index over 5% 
and nine had a reflux index score more than 4. 
The normal data of Vandenplas and en 
included no infants aged 8°5 to 14 months”? 

the four infants in this age range were oe 
with the group closest in age, in all cases the 
younger group. All had an RI score less than 4 
in this comparison and so were called normal, 
although they scored more than 4 on values for 


‚the older group. Using the normal values of 


Vandenplas and Sacre-Smits 25 infants had at 
least one of the four variables which was abnor- 
mal. 

Three infants had a large thoracic gas volume 
(all >140%) and eight a small one (<80%). 
Nineteen infants had a high airways resistance 
(>120%) and nine very high (>200%). Results 
of VmaxFRC showed only one infant had a 
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value >79% predicted, 12 between 50 and 79%, 
14 between 25 and 49%, and 11 under 25%.. ` 

No correlations were found between any of 
the measures of reflux and any of the respiratory 
function test results whether the group as a 
whole was considered or only those with abnor- 
mal GOR. When using x? for normal versus 
abnormal values there was also no association 
observed (table 2). 

Eleven infants had a median pH at night 
lower than that by day but their respiratory 


‘function tests did not differ from those of the 


other infants. Similarly there was no difference 
in respiratory function between the nine infants 
with an abnormal mean duration of reflux at 
night (>4 minutes) as defined by Jolley et al’ 
and the others. 

Comparing the 13 infants with at least one 
abnormal chest radiograph with the 25 who only 
ever had a normal chest radiograph no differ- 
ences in reflux variables were seen. The group 
with abnormal radiography had a higher thor- 
acic gas volume, median 104% versus 86% (p= 
0-01), but these medians are both within the 
normal range. 

Differences in history were analysed using 
the Mann-Whitney test. Separating the infants 
by their family history of atopic disorders (one 
or more first degree relatives with asthma, 
eczema, or hay fever) revealed an unexpected 
difference in the amount of GOR. Fifteen of the 
28 reflux variables analysed were significantly 
higher in the group with no family history of 
atopy. This is demonstrated in figs 1 and 2 for 
the RI and the RI score. The median RI in those 
with a family history of atopy was 4:7% and in 
those without 11:7% (p=0'0004) and the 95% 
confidence intervals (CI) for the difference were 
3 to 10°8. For the score the median value for 
those with a family history of atopy was 2-2 and 
for those without 4°6 (p=0:0003) with 95% CI 
for the difference being 0°9 to 2°9. As seen in 
the figure the only abnormal RI scores are in the 
group without a family history of atopy. 

No significant differences were found in 
respiratory function test results between the 
groups with and without a family history of 
atopy. Division by smoking exposure or history 
of bronchiolitis demonstrated no differences in 
either respiratory function or reflux variables. 

The data on the timing of respiratory symp- 
toms during the pH study was incomplete, 
largely because symptoms did not occur or were 
constant but possibly in some cases because 
they were not recorded. Two infants with vari- 
able symptoms had a strong temporal associa- 
tion between these and their GOR. The first 
had a family history of asthma and a normal pH 
study by all criteria (RI=2°-4%); wheezing was 
reported during all the brief episodes of reflux 
during her 24 hour study and she later develo- 


Table 2 Results of respiratory function tests versus pH studies 


Thoracic gas volume Airways resistance 


Lew Normal High Normal High Very high <25% <50% <79% Normal Very low Low Normal 


RI >5% 5 16 0 12 5 4 
RI <5% 3 11 3 7 5 5 
RI score >4 2 7 0 6 l 2 
RI score <4 6 20 3 13 9 7 


VmaxF RC Specific conductance 
5 8 7 1 3 6 12 
6 6 5 0 7 3 7 
i 4 3 i 2 I 6 

10 10 9 Ö 8 8 13 
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Figure 1 Reflux index (RI) for the total time in infants 
with and without a family history of atopy (upper limit of 
normal 5%). 
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Figure2 Reflux index (RI) score in infants with and 
without a family history of atopy (upper limit of normal 4). 


ped wheeze induced by acid fruit juice drinks. 
In the other infant, who also had a family his- 
tory of atopv and who had moderately abnormal 
‘GOR (RI=6%), reflux episodes were associated 
with periods of tachypnoea recorded by his 
mother. The first of these infants had abnormal 
airways resistance, specific conductance, and 
VmaxFRC and the second a low thoracic gas 
volume and reduced VmaxFRC. A further 
infant, with no family history of atopy, 
appeared to have a link between GOR and 
respiratory symptoms. He had recurrent epi- 


851 


sodes of consolidation on radiography and signi- 
ficant. GOR (RI=11%) but after having a 
Nissen’s fundoplication he had no further epi- 
sodes. His preoperative respiratory function 
tests were normal‘ except for a VmaxFRC of 
53% of predicted. He developed perioperative 
respiratory syncytial virus bronchiolitis and his 
postoperative VmaxFRC was 25% of predicted. 


Discussion - 

Previous studies of the association between 
GOR and respiratory disease have selected chil- 
dren with particularly severe symptoms,!° !! 
recurrent pneumonias suggestive of aspiration,* 


‘appreciable nocturnal symptoms,!® or a com- 


bination thereof.°? ? ‘Where these features 
have not been used for selection a broad age 
range of children has been studied.” “ In select- 
ing patients for this study we had two aims, firs- 
tly to limit the age of the children investigated 
to under 18 months and secondly to include all 
infants with chronic or recurrent respiratory 
symptoms in whom a specific underlying dis- 
ease had not been identified. 

The results obtained from this group provide 
the opportunity to speculate on the role of GOR 
in a uniform group of infants with moderate 
‘disease’. Within this group nearly all the 
infants had abnormal respiratory function tests, 
which is not surprising as they were selected for 
respiratory symptoms. A proportion of the 
infants also had excessive GOR, 21 (55%) had 
an RI of more than 5% and nine (24%) had an 
RI score over 4. Thus even when using the 
highest available normal values, more GOR 
occurred in this group than would be expected 
from a randomly selected group. 

Exploring this association further, however, 
we found no relationship between the amount of 
acid GOR and the degree of abnormality of 
respiratory function tests. The pattern of GOR 
was also unrelated to respiratory function 
abnormalities. Jolley et al found that infants 
whose nocturnal reflux episodes had a mean 
duration of longer than four minutes had an 
improvement in their respiratory disease after 
surgery for GOR.’ This measure of GOR was 
not associated with more abnormal respiratory 
function tests in our study. Vandenplas et al 
found that infants with respiratory disease had a 
lower mean pH value at night than during the 
day.*? Using median pH values the 11 infants in 
this study whose median nocturnal pH was less 
than their daytime median did not have more 
severe respiratory function abnormalities than 
the others. 

The differences we found in the amount of 
GOR between the infants with and without a 
family history of atopy are unlikely to have been 
due to chance as they occurred in 15 of the 28 
variables and most were highly significant 
(p<0:01). Taking the pH study results in isola- 
tion, without considering respiratory function 
or clinical features, it appeared that there may 
have been two groups of infants with different 
underlying problems. Infants with a family his- 
tory of atopy may have represented one group 
whose respiratory symptoms were partly deter- 
mined by inherited factors, such as atopy or 
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bronchial hyperreactivity, while the. others rep- 
resented a group in whom respiratory symp- 
toms were more likely to have been due to 
GOR. However, within each of the two groups 
there was no correlation between the amount of 
reflux and the severity of respiratory dysfunc- 
tion suggesting that there are other reasons for 
the differences in results. In addition the obser- 
vation that wheezing may be temporally related 
to minimal GOR suggests that even normal 
amounts of reflux may underly respiratory 
symptoms in the presence of predisposing host 
factors. 

In the three infants described in detail there 
was a clear clinical connection between GOR 
and respiratory symptoms but the results of pH 
studies and respiratory function tests were unre- 
lated. The infant with recurrent consolidation 
and excessive reflux had only minimal respira- 
tory function abnormalities while the other two 
had more severe lung function abnormalities 
and less GOR. The lack of association between 
measures of GOR and respiratory function in 
these three infants reflects that found in the 
group as a whole and raises the possibility that 
this may mask a true link between the two. 

There are several possible explanations for 
this lack of association. Respiratory function 
test changes resulting from GOR may not be 
present at the time of the tests or may not be 
detected by the tests performed. Studies in 
adults and older children have found that 
mimicking GOR with acid infused into the 
oesophagus did not influence baseline lung 
function tests but only bronchial reactivity, 
which we did not measure.°?” Another possi- 
bility is that the measurement of GOR was 
influenced by the confounding effect of non- 
acid GOR. In this study we only assessed acid 
GOR but aspiration of neutral stomach contents 
may be just as harmful and in dogs the vagal 
response to oesophageal distension is as strong 
as the response to acid perfusion.”® 

Even assuming that 24 hour oesophageal pH 
monitoring is an accurate reflection of GOR a 
causal link between GOR and respiratory symp- 
toms could still be explained by postulating 
variation in the sensitivity of individuals to 
GOR. Some infants may have a highly tuned 
vagal reflex with an exaggerated effector 
response to a normal receptor stimulus. This 
may lead to excessive bronchoconstriction with 
even a normal amount of reflux. The infant 
whose wheeze coincided with her few episodes 
of GOR may exemplify this. In other infants the 
receptor response may be increased because of a 
sensitive oesophagus, either primary or secon- 
dary to oesophagitis.” The occasional reports of 
a decrease in respiratory symptoms after treat- 
ment of GOR, even when this cannot be shown 
to be abnormal,'? might be explained in this 
way. Pharyngeal dysfunction is another possible 
explanation for respiratory disease caused by a 
normal amount of GOR and need not be severe 
enough to be clinically evident. While there 
may. be more opportunity for aspiration to occur 
with more GOR the fate of the refluxed material 
when it reaches the pharynx may be more 
important and aspiration could occur with a 
single episode of reflux. 
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It was not possible to investigate the temporal 
link between GOR and respiratory symptoms in 
many infants as the times of more severe symp- 
toms were not recorded. Parents were encour- 
aged to make such recordings and discussion in 
most cases suggested that if changes had occur- 
red they had been noted. It may be that the lack 
of such variation was because GOR was not 
inducing respiratory changes but it is also poss- 
ible that the severity of respiratory dysfunction 
was such that changes were not clinically detect- 
able. Previous studies have attempted to over- 
come this difficulty in demonstrating a causal 
role of GOR by treating it and recording 
the response of respiratory symptoms. Patients 
in such studies have shown symptomatic 
improvement,’ > 7 8 11 13 14 38 but as described 
above these patients were usually highly 
selected and objective measures of respiratory 
function were not made. — ` 

It has been suggested that GOR may be a 
result of rather than a cause of respiratory 
symptoms with the increased pleural pressure 
swings associated with respiratory dysfunction 
provoking GOR.” The absence of an associa- 
tion between respiratory function tests results 
and GOR is against this being important in most 
infants, with the provisos already discussed. 
Others have suggested that increased diaphrag- 
matic work protects against GOR by increasing 
lower oesophageal sphincter pressure.*° 

Some different approaches to the study of the 
interaction of these two common problems 
might be employed in future. Acidifying the 
infants’ feeds would avoid the failure of a pH 
study to detect neutral reflux episodes and use 
of a high oesophageal pH probe might be infor- 
mative, as reflux to the upper oesophagus might 
be more closely related to respiratory problems. 
Refinement of techniques for detecting microas- 
piration would also be helpful as radioisotope 
milk scans seem to be insensitive*! and the pre- 
sence of fat laden macrophages in tracheal aspi- 
rates seems to be non-specific. Autonomic 
dysfunction may also be a fruitful area for 
further study as it may be a common underlying 
cause for both GOR and respiratory disorders** 
or GOR may cause abnormalities in autonomic 
function.** 

In conclusion we have found excess GOR in a 
group of infants with respiratory symptoms, 
particularly those without a family history of 
atopy. However we have failed to demonstrate 
any association between the amount of GOR 
and the degree of respiratory dysfunction. 
Despite this there was clinical evidence of a link 
between the two problems in three infants and it 
remains possible that they are linked in more 
infants but that the techniques used have failed 
to demonstate this. 
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Vaccine efficacy and control measures in pertussis 


Stephen R Palmer 


Abstract. 

An outbreak of pertussis in primary school- 
children in the St David’s area of Pembroke- 
shire provided the opportunity to estimate 
pertussis vaccine efficacy. The estimate of 
efficacy was 88% when notified cases were 
used, but this fell to 68% when all children 
with bouts of coughing for two or more weeks 
were included. Notified cases were signifi- 
cantly less likely to have been vaccinated 
than other cases with similar symptoms. 
Therefore vaccine efficacy estimates based 
upon notified cases are likely to be biased. 
However, even the lower estimates suggest 
that pertussis immunisation is highly desirable 
and efforts to improve coverage should be 
increased. 


Public anxiety about the safety and efficacy of 
pertussis vaccine in the United Kingdom in the 
1970s led to a sharp fall in vaccine uptake and a 
consequent increase in the severity of pertussis 
epidemics in 1977/9 and 1981/3.’ Fears about 
the safety of the whole cell vaccine have been 
addressed, but there is a continuing need to 
monitor vaccine efficacy, both for pertussis and 
other routinely administered vaccines.” 

Measurement of vaccine efficacy requires the 
comparison of disease experience in vaccinated 
and unvaccinated children in a population in 
which both groups are equally exposed to the 
agent.’ Outbreaks present such opportunities to 
carry out field evaluation of vaccine efficacy. In 
an outbreak of pertussis centred on a primary 
school in the St David’s area of Pembrokeshire 
in 1987 vaccine efficacy was measured and the 
use of the accelerated’ schedule for vaccine deliv- 
ery was evaluated.* 


Methods 
Vaccination status of all children in the study 
was determined from health authority records 
and only children with documented completed 
vaccination were considered to have been vac- 
cinated for the purposes of the study. Children 
receiving only one or two doses of vaccine were 
excluded from estimates of vaccine efficacy. 

Pernasal swabs were sought from notified 
cases, transported in charcoal media, and plated 
out within 12 hours on selective medium. Gen- 
eral practitioners were asked to obtain pernasal 
swabs on new cases, or if that was not possible 
to take cough plates. 

All cases of pertussis occurring in children in 
the two practices covering the St David’s area 
from January 1987 to June 1987 were sought as 


follows. All preschool children registered in the 
practices were identified by the attached health 
visitor, families were contacted, and children 
who had a history of cough for two or more 
weeks were identified. A letter and question- 
naire were sent to parents of all children in 
primary and secondary schools in the St Davids/ 
Solva area on 2 June. Parents reporting illnesses 
in children were interviewed by the health visi- 
tor. 

A notified case was a case formally reported by 
a doctor to the local authority. A probable case 
was a child with bouts of coughing lasting for 
two or more weeks with bouts followed by 
vomiting, whooping, or choking/blue colour 
but who was not a notified case. A possible case 
was a child with bouts of coughing for two or 
more weeks but without vomiting, whooping, 
choking or turning blue and who was not noti- 
fied. Statistical comparisons were carried out by 
x? test, £ test, and the Mann-Whitney test. 

Vaccine efficacy was estimated by three 
methods for a cohort of children born between 1 
January 1981 and 31 December 1985 registered 
in the two practices and identified from the 
child health register. 


(1) Screening method 
E PPV-(PPVxVE) 
1-(PPVxVE) 


Where PCV=proportion of cases vaccinated, 
PPV=proportion of population vaccinated, 
and VE=vaccine efficacy. 


PCV 


(2) Direct population estimates 


AR unvaccinated—- AR vaccinated 


AR unvaccinated 


Where AR=attack rate and 
efficacy. 


VE=vaccine 


(3) Secondary household attack rates 

Using the method of (2) above, attack rates in 
vaccinated and unvaccinated household con- 
tacts who were contacts of notified or probable 
cases were calculated. A secondary household 
case was a child meeting the case definition of a 
notified or a probable case who developed 
symptoms 4-30 days after a prior notified or 
probable case living in the same household. 


Confidence intervals (CI) for estimates of vac- 
cine efficacy were calculated through a logarith- 
inic transformation method as described by Katz 
et al.’ 


en 
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CONTROL ‘MEASURES | 

The recommended schedule of childhood 
immunisation in Pembrokeshire was changed in 
June 1987 to the rapid schedule of three doses at 


‘intervals of one month starting at 3 months of 


age.* All children aged 1-7 years not having com- 


` pleted pertussis immunisation were identified, via 
-the child health computer register and a list sent ° 


to general practitioners and health visitors so that 


_the children could be offered vaccination. Evalua- 


tion of the success of this policy was attempted by 


` estimating the coverage of completed vaccination 
against pertussis using the child health system. A - 
‘letter was sent to all general practitioners by the 


chief administrative medical officer on 1 June. 
1987 informing them of the outbreak and the 


changed schedule. We recommended that chil- 


dren suspected to have pertussis or who were con- 
tacts of known cases who developed a cough 
should be excluded from school for the first three 


weeks of illness or until they had received five 


days. of a 10 day course of erythromycin. 


Results 
CLINICAL FEATURES 
Forty two cases of pertussis were notified in 


_ Pembrokeshire between January and June - 
1987, 31 of which were from the two practices 


in St David’s/Solva. There had been no notifica- 
tions from these practices since before .1984 
even though in 1986 there were 88 notifications 


in Pembrokeshire. Bordetella pertussis was iso- .- 


lated from one cough plate. and from one of 23 
pernasal swabs, although all were taken three or 
more weeks after onset. Additionally, 59 chil- 
dren in these practices met the case definition of 
probable cases and 44 were. possible cases 
(table). One non-notified probable case was 
admitted to hospital and B pertussis .was identi- 
fied from sputum culture. 

Notified cases were more likely than probable 
cases to have a cough followed by whooping, 


although when. children less than 8 years of age - 


were considered slightly more of the non-notified 


- probable cases reported whooping (63% com- 


pared with 59%). Notified cases had a slightly 
longer mean duration of cough than probable and 
possible cases (8°5 weeks compared with 6-2 
weeks, p=0°01) and lost more days from school 
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(7-4 days compared with 4°4 days, p<0°0]). 
Although the median number of. bouts of 
coughing were the same, the mean for notified 
cases (3-7) was significantly greater than for the 


_ others (3:2, p<0°01). Probable and possible cases 


were almost twice as likely as notified cases to 
have had a.completed course of pertussis immun- 


‘jsation (p<0-05). 


VACCINE EFFICACY 


(1) Screening method 
In children aged 1-6 years living in Pembroke- 
shire five of 30 notified cases (17%) and 65:5% 


‘of the cohort were vaccinated, giving an efficacy 


estimate of 90% (95% CI=83 to 93%). In the 
two practices in the St David’s area five of 24 


notified cases, 11 of 22 probable cases, and nine 


of 17 possible cases were vaccinated. Vaccina- 
tion records were missing for one probable case 


. and two possible cases. The vaccine coverage 


for this’cohort was 67°6%. The vaccine efficacy — 
based upon notified cases alone, notified and 
probable cases, and all cases (notified; probable, 
and possible cases) respectively was 87% (79 to 
92%), 74% (60 to a and 71% (56 to 80%). 


(2) Direct population estimates 

In the two practices there were 175 vaccinated 
children aged 1-6 years of whom five'were noti- 
fied cases, 11 were probable cases, and nine 
were possible cases. Seventy three children were 
unvaccinated of whom 17 were notified cases, 
10 were probable cases, and six were possible 
cases. Eleven children were incompletely 
vaccinated, of whom two were notified cases, 
Vaccine efficacy for notified cases was 88% (68 
to 95%) and for notified and probable cases it 


~ was 75% (56 to 89%). When all cases were 


included vaccine efficacy fell to 68% (51 to 
80%). 


(3) Secondary household attack rates 
Only 20 household contacts aged 1-6 years were 
identified. Ten of 17 vaccinated children had a 
cough for two or more weeks as did two of three. 
unvaccinated children. The numbers were too 
small to calculate vaccine efficacy. 


Clinical features of children with a cough for two or more weeks 





at zd cases Probable cases Possible cases 
l (n=31 (n=59) (n=44) 
OE LN e AE eA ae Er TEE 
Mean (SD) age (years) 5°4 (2:0) 3 73 (3-3) 7739) 
No (%) who completed vaccination 7 (23) 25 (42) 21 (48) 
No (%) with cough: 
Worse at night 23 (74) 44 (75) 32 (73) 
Followed by: : i . eee? 
Vomiting 23 (74) 40. (68) 0 
Whooping 19 (61) 23 (39) 0 
Choking 19 (61) 33 (56) 0 
Provoked by: 
Exertion 22 (71) 39 (66) 7 (16) 
Eating 8 (26) 6 (10) 0 
Excitement 3 (10) 5 (8 0 
Median (range) duration (weeks) 8 (3-20) 6 (2-24) 4 (2-16) 
Median (range) bouts of cough/day | 4 (2-4) 4 (2-5) 3 (2-4) 
No with complications: 
Fits 0 1 1 
Hospital admission 0 l 1 
Nosebleeds 1 3 0 
Otitis media, l 0 1 
Median (range) days school lost (age >4 years) 10 oie 5 (0-20) 0 


(0-20) 
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CONTROL MEASURES 
In June 1987, 66% of the cohort of children liv- 
ing in Pembrokeshire who were born between 


-29 May 1981 and 31 December 1987 were 


recorded as having completed pertussis immun- 
isation. This increased to 69% in July and 70% 
in August. Altogether 485 children, 6°5% of the 
total, had received only two doses by June. This 
number fell to 262 in July, 209 in August, and 
176 by December. Thus 65% of children who 
had two doses were given the third protective 
dose within six months of the control recom- 
mendation and 46% within one month. This 
group accounted for all the improvement in 
vaccine uptake. 


Discussion 

The outbreak of pertussis in the St David’s area 
occurred in an interepidemic year. The children 
in this relatively isolated area appear to have 


escaped the outbreak in Pembroke in the pre- 


vious year. Transmission seems to have occur- 
red mainly at the end of the winter school term 
so that children became ill over the school holi- 
day. On return to school transmission resumed 
causing a second peak of cases four weeks into 
the term. - 

Fifteen percent of children up to 15 years of 
age were found to have a cough for two or more 
weeks in the spring of 1987, and 14% of chil- 
dren less than 8 years of age had notified or 
probable pertussis. The diagnosis of pertussis 
was confirmed bacteriologically in only three 
cases but the pernasal swabs were not taken 
from any of the children within three weeks of 
onset and therefore were unlikely to have a high 
yield of B pertussis. The clinical features of chil- 
dren with a cough lasting two or more weeks 
were typical of pertussis, and 67% met our epi- 
demiological case definition which was similar 
to that used in other studies.° The prolonged 
duration of illness, with a median duration of 
cough of 6-8 weeks, emphasises the serious 
nature of pertussis. 

Of the 90 cases with bouts of coughing for 
two or more weeks followed by whooping, 
vomiting, or choking/turning blue only 31 were 
formally notified. The symptoms in the non- 
notified probable cases were little different from 
the notified cases, although duration of cough 
was shorter; all but six had visited their doctor. 
Notified cases were younger and were less likely 
to be vaccinated. It is possible that notified 
cases presented features which more clearly sug- 
gested the diagnosis of pertussis than the non- 
notified probable cases but in the data we col- 
lected there was no evidence of this. Almost all 
the children went to the same primary school 
and were likely to have had the same infection. 
An alternative explanation is that cases were less 
likely to be diagnosed and notified as pertussis if 
they were known to have been vaccinated. Such 
a bias would result in an overestimation of vac- 
cine efficacy based upon notified cases only: 
vaccine efficacy using notified cases was 13% 
greater than when both notified and non- 
notified probable cases were used. 

Another factor to be considered in interpret- 
ing these data is that estimates of pertussis vac- 
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cine efficacy will be expected to increase as the 
severity of disease used as a case definition 
increases.! * There are two reasons for this: firs- 
tly, severe cases are more likely to be true per- 
tussis and secondly, pertussis vaccine is known 
to reduce the severity of pertussis even when it 
fails to prevent disease. However, our data sug- 
gested that though notified cases had a more 
prolonged illness, severity as measured by fre- 
quency of coughing and complications rate was 
similar to that in the probable cases. The 13% 


- difference in efficacy would appear to be the 


result of the notification bias. 

Vaccine estimates which included possible 
cases (that is, without whooping, vomiting, or 
choking) were 5% lower than when only noti- 
fied and probable cases were used. The possible 
cases occurred mainly in the second term and 
another infection may have been circulating. If 
so vaccine efficacy would be underestimated by 
including these possible cases in the calcula- 
tions. 

The vaccine efficacy estimate of 80% calcu- 
lated by Jenkinson from cumulative data on 1-7 
year olds from 1970-86 was based upon 
diagnostic criterid of paroxysmal cough for 
three or more weeks ‘usually associated with 
vomiting and often whooping’.’ This case 
definition is closer to our notified and probable 
cases for which we had an efficacy of 75%, with 
95% confidence intervals including Jenkinson’s 
estimate. Thus we have no evidence of a decline 
in efficacy for pertussis vaccine. Our data set 
was not large enough to examine efficacy within 
narrower age bands. 

Routine monitoring of vaccine efficacy is 
highly desirable for several reasons.' 7 The pre- . 
vailing antigenic composition of the disease 
organism may change causing. a loss of vaccine 
efficacy. Different commercial vaccines and 
even batches of the same vaccine will not have 
identical efficacies and monitoring may help to 
identify problems in production. Incorrect stor- 
age and administration as well as changes to the 
recommended dose, timing, frequency, and age 
at vaccination may be associated with reduced 
efficacy. Furthermore, as vaccine cover im- 
proves the proportion of cases vaccinated will 
increase without any fall in the efficacy. This 
concept is not readily appreciated and con- 
tinued demonstration of efficacy will be impor- 
tant in maintaining confidence in the vaccine. 
Locally generated estimates may be more per- 
suasive than national data in local health promo- 
tion efforts. Various methods for estimating 
efficacy based upon locally generated data have 
been proposed for local use. However, our data 
suggest that notifications may give significantly 
biased estimates. Where possible cohort and 
case-control studies should use unbiased sam- 
ples of cases identified by active case searching. 

The attempts to improve uptake of the third 
protective dose of pertussis vaccine in children 
under 8 years old in Pembrokeshire were reason- 
ably successful. About half of the children who 
could have benefited from a single extra dose 
received it within a month. No improvement in 
uptake among never vaccinated children was 
observed. The new two, three, four month 
schedule for pertussis vaccine introduced in 
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1989 in the United Kingdom now makes the 
accelerated schedule for outbreaks redundant. 


I would like to thank Dr J Ogle, Dr SA Hamilton, Dr GW 
Middieton, and Dr PG Gillam for their cooperation; Miss A 
Ayers and Miss Sue Stevens, the health visitors, for essential 
assistance in carrying out this survey; and Dr Paddy Farrington, 
CDSC, for statistical assistance. The outbreak was managed by 
Dr R F Doyle, chief administrative medical officer, Pem- 
brokeshire Health Authority with considerable support from Mr 
Alan James. Dr Anne Bushell, consultant microbiologist, and 
microbiolozy department staff, "Withybush Hospital carried out 
the microbiology. 
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Did Alice have glandular fever? 

Here’s one to test your diagnostic acumen. Did you know about 
the relationship between metamorphopsia and infectious mono- 
nucleosis? As you know, metamorphopsia is a form of illusion in 
which the form, size, movement, or colour of objects is distorted. 
It has been related to lesions in the occipital lobes or in the 
occipitotemporal or occipitoparietal regions. 

In children it may be caused by infectious mononucleosis. 
Three children so affected were described in 1977! and Lahat and 
colleagues have recently described a 6 year old girl from Israel 
(Journal of Neurology, Neurosurgery, and Psychiatry 1990;53:1104). 
The child described the visual illusions in association with mild 
headache coming on two weeks after the onset of glandular fever. 
The episodes lasted a few minutes each time and occurred several 
times a day. Cranial computed tomography was normal but an 
EEG showed sharp high voltage waves in the parieto-occipital 
region. Two weeks later the EEG was normal. The symptoms 
lasted for four weeks. 

Metamorphopsia has been called the Alice in Wonderland syn- 
drome.” Apparently it can come on before, with, or after the other 
features of glandular fever. 
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Acquired aplastic anaemia: still a serious disease 


D K H Webb, IM Hann, J M Chessells 


Abstract 


Over 15 years, 42 children aged 2-14 years 


were diagnosed as having acquired aplastic 
anaemia. Adequate clinical details were avail- 
able for 38 children who were categorised as 
very severe (n=13), severe (n=16), or non- 
severe (n=9) by the modified Camitta criteria. 

Treatment varied over the study period. 
Seven children received a bone marrow allo- 


graft from a full match family donor and three ` 


a matched unrelated donor transplant after 
failed treatment with antilymphocyte globulin. 
The remainder were treated with antilympho- 
cyte globulin (n=11), antilymphocyte globulin 


‘and oxymetholone (n=4); oxymetholone with 


or without prednisolone (n= 12), or supportive 
treatment alone (n=1). 

With a minimum follow up of one year since 
treatment, the five year survival was 70% for 


. bone marrow transplantation with a family 
donor, 30% for antilymphocyte globulin, and - 


25% for oxymetholone. All three children with 
a matched unrelated donor transplant died. 


The prognosis of acquired aplastic anaemia’ 


remains poor for most children and new 
approaches to -treatment are urgently 
required. l 


Aplastic anaemia is a rare but often. fatal dis- 


order of haemopoiesis. It is characterised by 


blood pancytopenia and bone marrow hypopla- 


sia and affected 2—4 per million children under . 


15 years in one Danish series.' The incidence is 
higher in. the Orient,” probably reflecting 
increased exposure to environmental toxins and 
hepatitis.” The bone marrow failure may be 
constitutional or acquired: constitutional causes 


include Fanconi’s anaemia, dyskeratosis con- 


genita, and Shwachman’s syndrome. Although 


drugs, toxins, and viruses have been implicated . 


in the aetiology of acquired aplastic anaemia, 
over 70% of cases are idiopathic.* There is con- 
flicting evidence that in some cases acquired 
aplastic anaemia is an immune mediated 
disorder, é and 50% of patients, show an 
improvement with immune suppression.’ Only 
20% of severely. affected children survive one 


‚year from diagnosis with supportive care alone,?' 
. and although allogeneic bone marrow transplan- 


tation may be ‘curative, only 30% of patients 


have a suitable family donor.. There are few 


paediatric data, and the outcome for children 
treated over a 15 year Peroa a ata a single institu- 


tion is presented. 


Patients and methods 
Over the 15 year. period, January- 1974 to 


. non-severe disease, 


December 1988, 42 children were diagnosed as 
having acquired aplastic anaemia at the Hospital 
for Sick Children, Great Ormond Street, Lon- 
don. The medical records. were reviewed for 
details of age, sex, case history, laboratory 
investigations, aetiology, and outcome. Adequ- 
ate details were available for 38 children (17 
boys, 21 girls) with a median age of 6 years 


‚(range 2-14) at diagnosis. 


Laboratory investigations included the acidi- 
fied serum lysis (Ham’s) test for paroxysmal 
nocturnal haemoglobinuria, cytogenetic analy- 
sis of blood lymphocytes stressed with diep- 
oxybutane or mitomycin C for Fanconi’s 


- anaemia, virology, liver function tests, and a 


trephine ‘biopsy to assess accurately marrow 
cellularity. Severity was assessed by the modi- 
fied Camiitta criteria.” Children with severe 
aplastic anaemia had a pancytopenia with at 
least two of the following features: neutrophil 
count <0°5x10°/1, platelet count <20x 10°/, 
corrected reticulocyte count<1%, and a bone 
marrow trephine. with residual haemopoietic 


- cells <30% of normal cellularity. Children with 


very severe aplastic anaemia fulfilled these cri- 
teria, but'had a neutrophil count of <0-2x 107/I, 
whereas more mildly affected individuals had 
non-severe aplastic. anaemia. 

- Treatment varied over the study period but 
all children received broad spectrum antibio- 
tics, antifungal therapy, and blood and platelet 
transfusions as clinically indicated. Families 
were tissue typed soon after diagnosis. Children 
with severe or very severe aplastic anaemia and- 
an HLA full match family doctor were treated 
by allogeneic bone marrow transplantation, 
either at Great Ormond Street, the Royal Mars- 
den, or Hammersmith Hospitals. Pretransplant 
conditioning was with cyclophosphamide in 
each case, and graft versus host disease prophy- 
laxis was by methotrexate (n=5), cyclosporin 
(n=4), or T cell depletion (n=1). Before 1980 
children without a bone marrow donor, or with 
were treated by oral 
oxymetholone 2:5 mg/kg/day usually combined 
with prednisolone. Since 1980. these children 
received horse antilymphocyte globulin (ALG, 
Merieux) 1:5 vials/10 kg/day for five days by a 
central venous catheter, with prophylaxis of 
serum sickness by methylprednisolone 5mg/kg/ 
day. Children treated with supplementary 
androgens received oxymetholone 2'5 mg/kg/ 
day for four months after completion of anti- - 


‘lymphocyte globulin. If there was an inadequate 
‘response to horse antilymphocyte globulin by 


four months after treatment patients received a 
five day course of rabbit DNS globu- 
lin. 
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transplant was not significant on Kaplan-Meier 
analysis (p=0°08). 


Discussion 

Acquired aplastic anaemia remains a rare but 
severe disease in childhood. Most cases are 
idiopathic—in this series only three of 34 chil- 
dren had a possible causative agent, each being 
infective—and review of the literature indicates 
that drug or toxin induced aplasia and paroxy- 
smal nocturnal haemoglobinuria are rare among 
Western children. A higher incidence of aplastic 
anaemia due to drug toxicity and hepatitis has 
been described in the Orient.” * The mechan- 
ism of bone marrow failure is unclear, although 
there is conflicting evidence from culture 
experiments for an immune mediated suppres- 
sion of haemopoiesis. There have been reports 
of 40-70% of children? !° !! and 50-60% of 
adults’ showing an improvement after immune 
suppressive treatment with antilymphocyte glo- 
bulin, although blood values return to normal in 
only a minority of cases. In several series up to 
50% of adults treated with antilymphocyte glo- 
bulin have subsequently developed a clonal dis- 
order of haemopoiesis including acute myeloid 
leukaemia, paroxysmal nocturnal haemoglobi- 
nuria, or myelodysplasia.'* '° This argues for an 
underlying defect of haemopoiesis in many 
cases. These complications have not been 
described in children, however, and it is possi- 
ble that a different mechanism of bone marrow 
failure operates in childhood. Despite a male 
preponderance in the adult series, there was no 
sex difference in incidence in this study. 

In this series 29 of 38 children had severe or 
very severe aplastic anaemia. An increased sev- 
erity of aplastic anaemia in childhood has been 
described,'* although the small number of 
paediatric cases precludes definite conclusions 
on relative severity. Haemorrhage or sepsis at 
diagnosis is associated with a poor prognosis,!° 
and in our report five of six children with bleed- 
ing at presentation died. 

Allogeneic bone marrow transplantation from 
an HLA full match family donor is the treat- 
ment of choice for severe and very severe aplas- 
tic anaemia, and in our series five of seven chil- 
dren are alive in full health; this is consistent 
with other reports. '! 16 17 It is important that 
all families are tissue typed soon after diagnosis, 
and children with a donor and severe or very 
severe aplastic anaemia should be treated by 
early transplantation. Bone marrow transplanta- 
tion from a matched unrelated donor or a family 
donor with minor mismatch has been successful 
in some cases. !® 1° Although three children with 
a matched unrelated donor in this series died, 
all were late transplants in pretreated patients 
with a high risk of treatment failure.*° Our pre- 
sent policy is to initiate a matched unrelated 
donor search for all severely affected children 
without a suitable family donor soon after 
diagnosis as the published results of matched 
unrelated donor transplants are more promising 
than the outcome with other second line treat- 
ment. Preparative regimens influence survival 
and there have been poor results in patients tre- 
ated by schedules including methotrexate. The 
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combination of cyclophosphamide with cyclos- 
porin carries a low risk of graft rejection (17%)! 
and graft versus host disease, although the inci- 
dence of long term sequelae such as infertility 
and secondary malignancies is unclear. 

The survival after treatment with oxymetho- 
lone alone was poor, consistent with other 
series,!> and no better than that obtained with 
supportive care.'* Antilymphocyte globulin was 
of only limited benefit in this series, with no evi- 
dence of a survival advantage compared with 
androgen treatment. Only five of 18 children 
showed a complete response and patients with a 
partial response had a high relapse rate. These 
data are consistent with the 40-50% five year 
survival reported for children with severe aplas- 
tic anaemia receiving antilymphocyte globulin 
in four paediatric series. ! 7 2° Werner et al 
described a 70% response rate but numbers 
were small and survival data limited in their 
series.! A higher response and survival rate has 
been described in predominantly adult patients 
with non-severe aplastic anaemia,’ and a poor 
outcome is predicted by young age, female sex, 
neutrophil count <0°2x107/l, and bleeding or 
sepsis at diagnosis.!” The approach to treatment 
for a child with non-severe aplastic anaemia and 
an HLA full match family donor is controver- 
sial. It is probably best managed by a trial of 
antilymphocyte globulin in the first instance 
and with bone marrow transplantation reserved 
for children with other, poor prognostic fea- 
tures, or who have less than a complete response 
to antilymphocyte globulin. 

For children who fail first line treatment 
responses have been described after immune 
suppression by cyclosporin or high doses of 
methylprednisolone.”” 7? Of these cyclosporin is 
the more promising with a 30% response rate in 
patients who relapse after or fail to respond to 
antilymphocyte globulin, and in our series one 
child has shown steady improvement without 
toxicity. Treatment with recombinant granulo- 
cyte macrophage colony stimulating factor is 
effective in raising the neutrophil count in 
aplastic anaemia, but had no effect in patients 
with very low neutrophil counts or sepsis at the 
time of treatment,”* and it is essentially suppor- 
tive therapy. 

Despite advances in treatment the prognosis 
of aplastic anaemia remains poor in a large prop- 
ortion of cases. New approaches to treatment 
are required to reduce the morbidity and mor- 
tality associated with this disease. 


We wish to thank Dr JM Hows, Professor EC Gordon-Smith, the 
late Professor TS McElwain, and Dr Ray Powles for their help in 


‚the management of these patients, and Miss Sonia Taylor who 


typed this manuscript. 
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Autoantibodies in juvenile chronic arthritis 

Autoantibodies against nuclear and other antigens are found in 
patients with juvenile chronic arthritis. In diseases such as 
systemic lupus erythematosus and progressive systemic sclerosis 
family members frequently also have autoantibodies but this 
aspect has not been investigated as regards juvenile chronic arthri- 
tis until now. Such a study has recently been reported from 
Australia (Southwood et al, Annals of the Rheumatic Diseases 1990; 


49:968--72). 


They investigated 23 children with the disease and 66 of their 
first degree relatives. Antinuclear antibodies were found in 16 
patients (70%) and nine relatives (14%). In Australia 3:5% of the 
general population are thought to have such antibodies. Eighteen 
out of 20 families had at least one member with autoantibodies in 
addition to the one with juvenile chronic arthritis. Immunoblott- 
ing showed patterns shared between probands and other members 


in five families. 


This study confirms that antinuclear antibodies are common in 
juvenile chronic arthritis and shows that apparently unaffected 
family members may also have these antibodies. It seems likely 
that there is a genetically determined tendency to produce auto- 
antibodies in this as in other autoimmune diseases. 


ARCHIVIST 


862 


St Mary’s Hospital and 
Paddington Green 
Department of 
Child Psychiatry, 

ndon 
S Oke 
R Mayer 


Deeb to: 


Wonford House Hospital, 
Dryden Road, 

Wonford, 

Exeter EX2 SAF. 


Accepted 28 February 1991 


Archives of Disease in Childhood 1991; 66: 862-865 


Referrals to child psychiatry—a survey of 


staff attitudes 


S Oke, R Mayer 


Abstract 

A questionnaire study was conducted in a 
health district to evaluate the attitudes of 
paediatricians and child psychiatry staff as to 
which categories of problems should be refer- 
red. to child psychiatry. In the majority of 
categories the two groups disagreed as to the 
frequency with which the problem should be 
referred. In the categories relating to child 
sexual abuse responses were often not in 
accord with Department of Health and Social 
Security guidelines. Reasons for not referring 
were also looked at and again it was found that 
there were a number of significant differences 
in opinion as to what are reasons for not refer-. 
ring to child psychiatry. Both groups agree 
that lack of communication is a reason for 
non-referral. Some suggestions are made as 
to how this problem could be addressed. 


The association between child psychiatry and 
paediatrics has been widely commented on dur- 
ing the past 30 years." We wished to explore 
whether locally there was agreement between 
disciplines as to the appropriateness of referral 
of various clinical problems and to look at fac- 
tors that might lead to not referring. 


Method 

The study was a survey, using specially 
designed questionnaires, of paediatricians (all 
grades) and child psychiatry staff (psychiatrists, 
clinical psychologists, child psychotherapists, 
and social workers) in an inner London health 
district. The decision to survey only medical 
staff in paediatrics but all professional child 
psychiatry staff reflects the fact that whereas 
referral, although influenced or initiated by 
other professions, is primarily a medical deci- 
sion, the child ‘psychiatry departments assess 
and treat on multidisciplinary lines. 


THE QUESTIONNAIRES 

Two questionnaires were used, one for paediat- 
ricians and one for child psychiatry staff. They 
varied slightly in format, but were identical in 
content. Both questionnaires consisted of two 
parts. 


Part 1 

The aim of part 1 was to determine whether 
paediatricians and child psychiatrists agree as to 
which type of clinical problem should be refer- 
red to child psychiatry. Part 1 of the paediatri- 


cians’ questionnaire asked paediatricians how 
often they would refer to child psychiatry a 
range of clinical problems seen as inpatients and 
outpatients. Part 1 of the child psychiatry ques- 
tionnaires asked child psychiatry staff how often 
they think paediatricians should refer these 
problems to the child psychiatry department. 

The clinical problems were selected for inclu- 
sion after a review of the literature®* and after 
discussions with our colleagues. Our list was not 
exhaustive but represented most of the common 
reasons for referral to child psychiatry. 

Respondents were asked to indicate how fre- 
quently they felt a category of problem should 
be referred by arias 1—4 where ]=rarely or 
never, .2=sometimes, 3 =frequently, and 4= 
always or nearly always. The categories of prob- 
lems are shown in table 1. 


Part 2 

This section looked at factors that might nega- 
tively influence referral. The list of possible 
reasons we used was compiled after a review of 
the literature and after discussions with our 
colleagues. These possible reasons were given in 
the form of a list of statements and the respon- 
dents were asked to indicate ‘yes? or ‘no’ to each 
of these depending on whether or not they 
thought the reason relevant in the decision not 
to refer to child psychiatry. These statements 
are shown in table 2. 

In this part of the questionnaire we were 
asking paediatricians: direct attitudinal ques- 
tions, but the child psychiatry staff were being 
asked to speculate whether they felt certain fac- 
tors affected the paediatricians’ decision to 
refer. Both parts of the questionnaires included 
a section inviting further comments from the 
respondents. Questionnaires were sent to all the 
staff indicated above with an explanatory letter 
and prepaid reply envelopes. A reminder and a 
second copy of the questionnaire were sent if 
there was no response within three weeks. We 
indicated that respondents could reply anony- 
mously if preferred. 


Results 

RESPONSE RATES 

The response rate to the questionnaires was 23/ 
37 (67-6%) for paediatricians and 25/37 (67°6%) 
for child psychiatry staff. 

We originally recorded the results by sub- 
grouping the respondents according to depart- 
ment: (paediatrics or child psychiatry), hospital 
or centre and either status, if paediatric, or dis- 
cipline, if child psychiatric (for example, senior 
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Table 1 Results to part 1 of the questionnaire: which type of clinical problem should be referred to child psychiatry 
TE 





Category Department* Respondents (%) who refer: Total Significance 
of problem i No of 
Always Frequently Sometimes Never responses 
E E 
A) Self poisonin P 71 24 0 5 21 ar 
RAR CP 88 8 4 0 25 NS 
(B) Emotional/ P 4:5 32 54-5 9 22 <0-01 
behavioural problems CP % = 2 > P 
C) Obesi 2 
- g CP 12 24 60 4 25 peoo 
(D) Helping families/children cope P 22 13 38 17 22 NS 
with terminal illness CP 8 48 40 4 25 z 
(E) Helping famillies/children cope with P 0 17 61 22 23 NS 
physical handicap/chronic illness cP 0 16 80 4 25 i 
(F) Repeated admissions (because mother P 0 22 48 30 23 NS 
cannot cope) CP 20 8 64 8 25 
(G) Physical illness exacerbated by P 4 26 52 17 23 <0-01 
Per problems “i 2 Br i : 2 - P 
H) Diagnostic difficulties 22 hi: 
IE CP 53 22 20 5 22 p<0-01 
(I) Child sexual abuse+behavioural/ P 53 19 19 9 21 <0-01 
emotional problems Sr > E- a 2 = iia 
Help with diagnosing child ogi 
eae oa CP 44 36 16 4 25 alias 
(K) Encopresis P 17 39 31 13 23 NS 
CP 16 64 20 0 25 ` 
L) Enuresis P 0 0 47 53 23 : 
= CP 12 60 28 0 25 p<O-0! 
(M) Admission problems/ P 0 19 48 33 21 <0-01 
separation anxiety GP 20 40 28 12 25 P 
(N) Parental neglect/ P 4 13 48 35 23 0-01 
non-accidental injury CP 32 28 40 0 25 jie 
(O) Drug/alcohol problems P 32 55 13 0 22 NS 
in child CP 44 40 16 0 25 ` 
(P) Anxiety over medical/ P 0 5 43 52 21 <0-0] 
nursing procedures CP 8 20 52 20 25 p 
(Q) Behaviour disturbance P 14 24 52 10 21 <0-01 
on ward CP 50 33 17 0 25 
(R) Mother has difficulties with P 4 13 48 35 23 0-01 
baby feeding/sleeping _ = = CP 3 8 36 9 oe 
(S) Don’t know what P 4 4 57 8 23 0-0] 
else to do CP 24 16 44 16 25 ps 
*P=paediatrics, CP=child psychiatry. 
Table 2 Results to part 2 of the questionnaire: factors that might negatively influence referral 
(1) Referral not acceptable P 100 0 22 NS 
CP 100 0 25 
(2) Stigmatises child or family P 14 86 22 P<0-01 
CP 75 25 24 - 
(3) Delay before first appointment too long P 45-5 55°5 2 Boo 
CP 52 48 25 l 
(4) Delay before treatment too long P 4] 59 22 NS 
CP 50 50 24 
(5) Treatment range narrow/inappropriate P 50 50 22 P<0-01 
CP 68 32 25 
(6) aa process Manage a P s ~ 
CP 4] 59 22 
(7) Lack of child psychiatry inpatient/ F 48 52 21 NS 
day patient facility CP 65 35 23 
(8) Inadequate communication between P 77 23 22 NS 
departments CP 24 16 25 f 
(9) Case is ‘lost’ to child P 40 60 22 NS 
psychiatry after referral CP 62-5 aro 24 i 
(10) Medical opinion soughtt P 41 59 22 NS 
CP 52 48 25 
(11) Opinion of consultant psychiatrist sought P 27 73 22 NS 
but difficult to obtain cr 56 44 25 si 
(12) If all cases referred child psychiatry P 32 68 22 NS 
system would be flooded CP 36 64 25 i 
(13) Referral does not achieve much P 48 32 21 NS 
CP 72 28 25 


"P=paediatrics, CP=child psychiatry. 


TA medical opinion sought but child frequently seen by non-medical child psychiatry staff. 


house officer or psychologist). However, there 
were no superficial differences between these 
subgroups within each department and the 
numbers in some of the subgroups were very 
small and therefore the responses were pooled 
according to department for analysis. 


Part | 

Results are given in table 1. The percentage of 
paediatricians and child psychiatry staff 
responding with either 1, 2, 3, or 4 to each 
category of problem A to S is given. The total 
number of responses to each category is also 


given. These totals vary as a number of ques- 
tionnaires were only partially completed. The 
results were analysed using non-parametric cor- 
relation coefficient Kendall’s t for tied ranks to 
see if there was a significant difference between 
the responses of the paediatricians and the child 
psychiatric staff.” The rationale for using this 
method is discussed by Priest.'° The result of 
this analysis is given in table 1. 


There was a significant difference in the-—— 


responses to 13 out of 19 categories. Particularly 
striking disagreement was seen in the categories 
of obesity, enuresis, and ‘behavioural problems 
referred directly to the paediatrician’. When 
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there was a difference in responses it was always 
that the child psychiatry staff indicated that the 
case should be referred and the paediatricians 
indicated that it should not. 

There was agreement between the two 
groups’ responses to four of the categories. Firs- 
tly, both paediatricians and child psychiatry 
staff agreed that category A (self poisoning) and 
O (drug and alcohol problems) should be refer- 
red to child psychiatry. Both groups also agreed 
that categories E (helping families and children 
cope with physical handicap or chronic illness) 
and F (children with repeated admissions 
because the mother cannot cope) should not be 
referred to child psychiatry. 


Part 2 

We recorded the percentage of ‘yes’ and ‘no’ 
responses given by both groups of staff to each 
of the statements | to 13. The results are given 
in table 2. Again, some of the questionnaires 
were incomplete and so the total number of 
responses varied. These results were analysed 
using the y? test with Yates’s correction for con- 
tinuity. Significant differences were found in 
the responses to two of the statements. To state- 
ment 2 (referral stigmatises the child or family) 
paediatricians indicated that this was not a 
reason for not referring whereas child psy- 
chiatry staff thought this was a reason for 
not referring. Paediatricians responded to state- 
ment 6 (the psychiatric process damages the 
child) by indicating that this was not a reason 
for not referring whereas child psychiatry staff 
were divided in their responses to this state- 
ment. 

Both groups agreed that statements | (referral 
not acceptable to the family) and 8 (inadequate 
communication between the departnients-after 
the child is seen) are reasons for not referring. 
Both groups also agree that statement 12 (if all 
appropriate cases were referred the child 
psychiatry department would be flooded) was 
not a reason for not referring. 





COMMENTS 

Some of the comments made in response to the 
question posed at the end of part 2 of the ques- 
tionnaires: ‘Do you think there are any other 
reasons for not referring to the child psychiatric 
department’ are given below. The asterisked 
comments were made by anonymous respon- 
dents. 


Comments from paediatricians 

e ‘Psychiatrists seem aloof from everyday 
problems that families face and from 
problems on the ward’. 
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“There ıs a cultural gap between the local 
population and the staff of the child 
psychiatry clinics—more medical approach 
and perhaps more work with other profes- 
sıonls in the community might be more help- 
ful’. 

@ ‘Reluctance on the part of the child psychiat- 
rist to see the patient’. 

è ‘Child psychiatry should be part of the range 
of services provided by paediatrics and not a 
separate department to whom referrals are 
made’. 

èe ‘A child psychiatrist is not present on site as 
part of the paediatric team’. 

èe ‘I feel that both paediatricians and child 
psychiatric trainees should spend six months 
in each other’s professions ın order to better 
understand the job’. 

e ‘Heavy demand on parents with frequent 
(two to three times a week) therapy ses- 
sions’. ” 

è ‘General requirement that both parents 
should be prepared to go to the initial 
appointment’. ’ 

è ‘Low profile of psychiatric department 

within paediatric department—but impro- 

ving’. 


Comments from child psychiatry staff 

è ‘Paediatricians sometimes think they can 
offer the same help as child psychiatry would 
give’. 

è ‘Resistance to conceptual basis of child 
psychiatry/psychotherapy . 

e ‘Some paediatricians (not all) may find it 


hard to accept that they are not experts in all 


aspects of illness in children. . . . in the good 

old days paediatricians did have to cope with 

all 
psychological aspects. Lack of child 
psychiatric resources In some areas may 
mean that paediatricians are still dealing with 
what should ideally be dealt with by child 
psychiatrists’. 

e ‘Paediatricians’ own anxieties about (a) emo- 
tions being stirred up, (b) working with other 
professionals, (c) losing control of the situa- 
tion’. 

è “The department is seen as too narrow in its 
range of work and intransigent’. 

è ‘Ignorance and lack of communication 
between the two departments’. 

There were no comments made ın response to 
part 1 of the questionnaire. 





Discussion 

The response rate was 67°6% for both paediatri- 
cians and child psychiatry staff. Some of the 
junior paediatric staff gave the reason that they 
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member of the child psychiatry department to 
see the child and/or family. 


Part 1 of the questionnaire 

There was agreement between paediatricians 
and child psychiatric staff on only a few categor- 
ies of problems and significant disagreement 
was seen in the responses of the two groups to 
most of the categories. In cases of child sexual 
abuse with emotional or behavioural disturb- 
ance 72% of paediatricians and 96% of child 
psychiatry staff said they would always or fre- 
quently refer. This difference is significant and 
contradicts Department of Health and Social 
Security (DHSS) guidelines that recommend 
referral to child psychiatry.'! Interestingly, 80% 
of child psychiatry staff and 54% of paediatri- 
cians favoured always or frequently referring 
cases requiring help with the diagnosis of child 
sexual abuse. This difference is significant and 
again contradicts DHSS guidelines, which 
advise that such cases should not be referred to 
child psychiatry.!! 

It was noted that when there was a significant 
difference between child psychiatry staff and 
paediatricians it was always that the child 
psychiatrists were in favour of referral and 
paediatricians were against it. One possible 
explanation of these findings is that paediatri- 
cians and child psychiatrists may have different 
ideas about these problems. It is likely that 
paediatricians would see a broad range in sever- 
ity of these cases but the child psychiatric staff 
may only see the more severe cases. Another 
possible cause of these differences may be the 
apparent lack of communication between the 
two departments. This idea is supported by 
the results of part 2 of the questionnaire and 
by some of the comments made by the respon- 
dents. 


Part 2 of the questionnaire 

This part looked at reasons for not referring to 
child psychiatry. Unfortunately, it is not clear 
whether responding ‘no’ in this part of the ques- 
tionnaire indicates that the respondent thinks 
that the statement is incorrect or that the state- 
ment is correct but not relevant in influencing 
non-referral. The questionnaire has com- 
pounded these two distinct questions and a 
further study is needed to overcome this prob- 
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‚lem. Some interesting results were seen in the 


responses to statement 5 (‘range of treatment 
too narrow or inappropriate’) and statement 13 
(‘referral to child psychiatry does not seem to 
achieve much’). A large number of child 
psychiatry staff responded ‘yes’ to both state- 
ments. This could mean that either this group is 
dissatisfied with their work or that they feel that 
they are poorly perceived by their paediatric 
colleagues. The comments received from the 
paediatricians supports the second conclusion. 

Both departments agreed that inadequate 
communication was a reason for non-referral. 
The agreement on this issue is striking and is 
reflected in some of the respondents’ com- 
ments. It is suggested that this may be under- 
lying some of the differences found in part one 
of the study. 

This could be readily addressed by more 
active attempts at communication between the 
two groups. Joint ward rounds or clinical meet- 
ings could be a suitable forum in which this 
could take place. If all the cases that the child 
psychiatry staff suggest were referred it would 
undoubtedly result in a flooding of the service. 
More consultative work and mutual education 
could take place in such meetings thereby 
reducing the perceived need for many of these 
referrals. Also, perhaps a jointly formulated 
referral policy could be initiated. 


The authors wish to thank Dr IT Dresser, Professor TE Oppe, 
and Professor RG Priest for their advice and the paediatric and 
child psychiatry staff for their help and participation in the study. 
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Children with pervasive refusal 


B Lask, C Britten, L Kroll, J Magagna, M Tranter 


Abstract 

Four children are described with a potentially 
life threatening condition manifested by pro- 
found and pervasive refusal to eat, drink, 
walk, talk, or care for themselves in any way 
over a period of several months. The multi- 
plicity and severity of the symptoms in these 
children do not fit comfortably into any 
existing diagnostic category. Long term and 
highly skilled nursing and psychiatric care is 
required to help these children to recover. 
The possible causes of this syndrome are dis- 
cussed. 


Child psychiatric disorders may vary from rela- 
tively mild, albeit distressing symptoms such as 
enuresis, encopresis, behaviour problems or 
school refusal, through to the devastating 
effects of psychotic illness or life threatening 
problems such as anorexia nervosa or severe 
depression with suicidal ideology and intent. 
We have recently seen a number of children 
with a profound and pervasive life threatening 
condition manifested by dramatic social with- 
drawal and determined refusal to walk, talk, 
eat, drink, or care for themselves in any way for 
several months. Careful history taking and 
physical examination and investigation at the 
time of presentation excluded any organic dis- 
ease. 


Case reports 

CASE 1 

A girl, aged 13, was transferred from a paediat- 
ric ward to our child psychiatric unit with a four 
month history of increasing pain and stiffness in 
her right leg, leading eventually to an apparent 
inability to walk. As her mobility diminished 
she reported that she could no longer see or 
swallow, and over the next few weeks she stop- 
ped speaking and lost the use of all four limbs. 
She refused, by screaming and vigorous physi- 
cal endeavour, all attempts to assist her. Thus 
attempts at oral feeding led to her tightly closing 
her mouth, turning away her head, and spitting 
out any food or drink. There was no sleep dis- 
turbance. The only abnormality on physical 
examination was a finger sized hole in the 
hymen and abrasion of the right labrum, with 
some vaginal discharge. 

The girl’s physical and intellectual develop- 
ment had been normal, but aged 4 she had been 
reported to be ‘aggressive’, and her premorbid 
personality was described as ‘like an old lady, 
lacking childishness and fun’. She had a sister 
10 years older than her, and her parents who 


were in their 50s had both previously been tre- 
ated for depression. 

Despite intensive attempts to rehabilitate her 
she continued to deteriorate. She required naso- 
gastric feeding and, on two occasions, manipu- 
lation of her joints under general anaesthetic to 
prevent contractures. The nursing care she 
required was that necessary for a patient with 
quadriplegia. She continued to resist all 
attempts to help her. Individual and family 
therapy shed little light on the cause of her ill- 
ness, although an overinvolved and covertly 
sexual relationship between the girl and her 
father was noted. Further investigation and 
exploration of this was unproductive. 

After six months she slowly started to 
improve and one year after admission she could 
walk with minimal assistance, could obviously 
see although denying it, and could when neces- 
sary make herself heard. At this point she was 
transferred to the Bethlem Royal Hospital Ado- 
lescent Unit, with the expectation that she 
would require long term care. As her physical 
state continued very slowly to improve, her 
behaviour changed. She became far more out- 
going, incited others to misbehave, stimulated 
interest in seances and black magic, and teased 
maliciously about sexual matters. On a number 
of occasions she ran away. She was finally dis- 
charged from hospital three years after her 
original admission and at three year follow up 
had remained well. 


CASE 2 

A girl, aged 11, was transferred to our unit from 
a paediatric ward with a one year history of 
panic attacks and prolonged episodes of scream- 
ing. For three months ‘she had refused to eat, 
drink, walk, or take care of herself. She angrily 


‘ refused to answer questions, described herself 


as very sad, and expressed a wish to die. Under 
no circumstances did she wish to go home. She 
resisted help with angry screams and at times 
physical aggression. 

She was the second of three children and her 
physical and intellectual development had been 
normal. Her premorbid personality was descri- 
bed as ‘anxious and perfectionistic’. Early 
separation problems had been noted, and at 
aged 7 there had been reports of ‘sexually pro- 
vocative behaviour’. There was no family his- 
tory of significance. | 

The first three months of.her admission were 
stormy with continuing and determined refusal 
to eat, drink, walk, or care for herself. She con- 
tinued to scream whenever anyone communi- 
cated with her. Treatment consisted of a com- 
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bination of individual, group, and family ther- 
apy, and the use of the ward milieu. In ındı- 
vidual interviews she eventually admitted to 
having a secret, and further painstaking explor- 
ation led to disclosure of prolonged and 


repeated sexual abuse, including the use of 


physical restraint and punishment. She refused 
to name the perpetrator(s). After the disclosure 
and further discussion of her experiences she 
slowly started to improve. She remained unable 
to allow a full physical examination but gra- 
dually became calmer and resumed eating, 
drinking, and walking. 

She suffered a transient 


relapse during 


Christmas leave when she claimed to have seen 
the perpetrator. Subsequently she was made a 
ward of court and her parents were allowed only 
supervised access. Nine months after admission 
and 21 months from the onset of the illness she 
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their refusal to walk, talk, eat, drink, or take 
care of themselves. The word refusal has been 
used advisedly. In no case was there any neuro- 
logical deficit to account for the symptoms. 
Neither was there any suggestion of a postviral 
state. These children demonstrated a wilful, 
angry, or frightened component to their non- 
functioning. What then is the diagnosis and 
why were these children so ill? 

Much further work is required to develop a 
really satisfactory system of classification for 
child psychiatric disorders.’ In many instances 
it is difficult to fit a particular child’s clinical 
picture into a specific diagnostic category. Such 
a lack of fit applies particularly in cases as com- 
plex and severe as these. Each child had certain 
features of a variety of different diagnoses, 
including anorexia nervosa, elective mutism, 
anxiety or phobic state, depression, conversion 
disorder, stupor, and post-traumatic stress dis- 
order. However, none of these children fulfilled 
the diagnostic criteria for any of these condi- 
tions as defined in the International Classifica- 
tion of Disease, 9th revision? or the Diagnostic and 
Statistical Manual of Mental Disorders, 3rd 
edition.” 

Anorexia nervosa and elective mutism are 
insufficient diagnoses in that each refers to a 
specific area of functioning (eating or talking) 
and these children had far more pervasive prob- 
lems. Anxiety, phobic responses, and depress- 
ion were undoubtedly features of the mental 
state of all these girls, although none of these 
terms alone seems adequate to describe their 
feeling state or their determinedly rejecting and 
self punitive behaviour. There were similarities 
with conversion disorder, which is characterised 
by alteration or loss of physical function that 
suggests physical disorder, but instead is appa- 
rently an expression of psychological conflict or 
need. Our children manifested a very obvious 
wilfulness in their symptoms, however, and in 
particular a pattern of refusal. Such determined 
and wilful refusal negates the diagnosis of con- 
version disorder, which is manifested by inabil- 
ity rather than volition. 

Stupor is described by Lishman as a state of 
akinesis and mutism but with definite evidence 
of relative preservation of conscious awareness 
(p 8) and sometimes of a volitional nature.* In 
‘psychogenic stupor’ signs of conversion hys- 
teria are commonly in evidence, the condition 
may wax and wane, and there may be an appre- 
ciable emotional reaction when sensitive sub- 
jects are discussed. Completely passive depend- 
ence on others for feeding and toilet functions is 
rare, and the patient may show signs of irrita- 
tion when moved against his will (p 198).4 
Although these children certainly fit these 
diagnostic criteria to some extent, we are not 
convinced that stupor is the correct diagnosis, if 
only because the criteria are so wide, and 
because the children showed such a wilful nega- 
tivism. 

A paper by Berrios on stupor may also be of 
help in understanding this condition.” He draws 
parallels between stuporose states and ethologi- 
cal models of freezing reactions, trance states, 
animal hypnosis, and tonic immobility, the lat- 
ter being considered as a final step in the fear 
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response against predation. Thus we might 
hypothesise that these children have adopted 
this posture as a final resort to escape an intoler- 
able situation. This view is reinforced by the 
fact that we are currently treating two more 
children with a similar clinical picture, one of 
whom has finally been able to disclose that she 
has been sexually abused, but is clearly terrified 
of saying more. She has indicated that she and 
her mother would die if she told anyone exactly 
what had happened, and that she only feels safe 
in hospital having contact with no-one other 
than her mother and hospital staff. 

The diagnostic criteria for post-traumatic 
stress disorder include the existence of a known 
stressor, re-experiencing of the trauma, numb- 
ing of responsiveness, or reduced involvement 
with the external world, and the presence of 
other symptoms. such as hyperalertness, guilt, 
sleep disorder, cognitive difficulties, and avoi- 
dance behaviour. The obvious problem with 
making this diagnosis is the absence of any 
known definite stressor in all but one of the chil- 
dren. It would not be unreasonable to describe 
intrafamilial violence as a stressor, although by 
no means all children so exposed develop such 
serious illness. 

Given that there is no completely satisfactory 
diagnosis it is clearly important to attempt to — 
understand the aetiology. At presentation there 
were no obvious precipitating factors. Investiga- 
tin of the intrapsychic state of these children 
during the course of their admission revealed a 
fairly uniform picture. 

Each child denied conflictual feelings, pro- 
jected anger, and showed fear of attack. Their 
families were characterised by denial of any con- 
flicts or other problems and yet had histories of 
intrafamilial violence. 

The contribution of sexual abuse to these 
children’s problems has to be considered. It was 
disclosed in one girl (case 2) and, given the 
physical signs, exceedingly likely in another 
(case 1). The history of alcohol abuse in the 
family of case 3, sexual threats in that of case 4, 
and intrafamilial violence in both, necessitates a 
high index of suspicion, but there is a major 
problem in obtaining corroborative information 
from mute, withdrawn and frightened children. 
The findings of Kiser et al seem to be of some 
relevance here. They describe post-traumati¢ 
stress disorder when a reaction to sexual abuse 
as having three different forms of presentation: 

(1) Avoidance: (a) restriction of affect, (b) 
withdrawal, (c) loss of interest, (d) aggression, 
(e) reluctance to talk, and (f) avoidance. 

(2) Re-experiencing: (a) sex play, (b) talk and 
behaviour, (c) nightmares, (d) day dreams, and 
(e) flashbacks. 

(3) Autonomic hyperarousal: (a) irritability, 
(b) aggression, (c) sleep problems, (d) anxiety, 
and (e) impaired concentration. 

All the children fit into category 1, avoidance, 
with their pervasive refusal to participate in the 
normal activities of daily life, and each girl man- 
ifested some features of the other categories. It 
is also possible to conceptualise the refusal to eat 
and the resistance to washing and toileting as 
avoidance phenomena. 

The aetiology of this condition is not comple- 
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tely clear but may involve a two stage process. 
The first is the trauma of sexual abuse, perhaps 
of a particularly sadistic nature, and the second 
is fear, induced by either a violent family mem- 
ber, threats, or the likely consequences of dis- 
closure. The powerful silencing effects of threa- 
tened violence to a child cannot be underes- 
timated. Summit vividly describes the plight of 
such children in his description of the child sex- 
ual abuse accommodation syndrome.’ The syn- 
drome is composed of five categories: (1) sec- 
recy, (2) helplessness, (3) entrapment and 
accommodation, (4) delayed, unconvincing dis- 
closure, and (5) retraction. 

Three cases described by Brown and Perkins 
bear some similarity to ours in that all were girls 
who experienced a profound deterioration in 
their physical and mental state necessitating 
urgent hospitalisation and assessment for a 
degenerative disorder.° Their much younger 
ages, two being 5 and one 6°5 years old, allowed 
them to manifest uninhibited sexual play that 
led to rapid disclosure of sexual abuse in each 
case. 

In older children the normal developmental 
decline in spontaneous play makes communica- 
tion through that medium unlikely, and their 
cognitive development means that they can 
begin to weigh up the pros and cons of disclo- 
sure. At this age the children are caught 
between the developmental need to be within a 
family setting, while having the cognitive 
awareness that a disclosure is likely to break up 
their family. They are too old to disclose sponta- 
neously, as did the children in the series of 
Brown and Perkin, and too young to be able to 
live independently of parents. 

Discussions with colleagues have identified 
five more very similar cases to ours in girls aged 
between 11 and 15 (D Steinberg and D Black, 
personal communications) and we currently 
have two more such children on our ward. One 
of us (MT) has also recently seen a girl of 13 
who had been mute and withdrawn for 10 years. 
After placement at a special boarding school she 
disclosed that she had been repeatedly and 
ritually sexually abused by several members of 
her extended family and threatened with death 
if she disclosed. 


CONCLUSIONS 

The multiplicity and severity of the symptoms 
in these children do not fit comfortably into 
any existing diagnostic category. The symp- 
tom complex can perhaps be understood as an 
extreme variation of so called avoidance 
behaviour seen in post-traumatic stress dis- 
order. The inability -to disclose even the exist- 
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ence, let alone the nature, of the trauma because 
of the threatened consequences may account for 
the extreme severity of the disorder. While 
awaiting further elucidation of how children 
react to and cope with such experiences, we sug- 
gest that it may be useful to recognise this dis- 
crete syndrome of pervasive refusal, as man- 
ifested by refusal to eat, drink, walk, talk, or 
participate in any activity including self care or 
toileting. It is most likely to occur in girls 
between the ages of about 9 and 14 years, in 
whom there is a possibility of sexual abuse, but 
who are terrified of disclosure because of threats 
of extreme violence. 

Treatment must be in a hospital setting, 
where the child feels safe and can stay for as 
long as is necessary. Skilled psychiatric care 
and the availability of staff who are expert in 
exploring the possibility of sexual abuse are 
essential. There is no one specific form of treat- 
ment for children as ill as these. The mainstays 
of management include a combination of indi- 
vidual and family therapy, the use of the ward 
milieu, and medication as required. Whether or 
not such children can return home must depend 
on individual circumstances. The decision will 
be made on the basis of what is considered to be 
in the child’s best interests. If the child 
expresses a clear wish to return home and there 
is no reason to believe that the child will be 
harmed at home, and the parents are able to 
accept and work on the fact that there is a 
psychological explanation for their child’s ill- 
ness, then a gradual return to the family home is 
indicated. If these circumstances do not apply 
serious consideration must be given to alterna- 
tive placement. In any event such complex deci- 
sions are best made in the context of a series of 
case conferences held under child protection 
guidelines. 


We thank the staff of the Mildred Creak Unit for their extremely 
skilled care of these children. 
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Intestinal permeability after single dose gluten 


challenge in coeliac disease 


L Greco, G D’Adamo, A Truscelli, G Parrilli, M Mayer, G Budillon 


Abstract 
The changes of intestinal permeability before 
and after a gluten load were studied. The 


study. group comprised 27 patients with . 


coeliac disease (mean age 12-3 years) and 19 
healthy controls matched by sex and age. 
Intestinal permeability was studied by 
measuring the urinary excretion of two 
sugars, lactulose. and L-rhamnose, before and 
six hours after the ingestion of five palatable 
biscuits made with 50 g of gluten powder. The 
patients with coeliac disease had been on a 
gluten free diet during the previous two years. 
After the gluten load lactulose and L-rhamnose 
urinary excretion changed significantly in 
patients, and a significant increase in the 
lactulose:L-rhamnose ratio was also observed. 
No significant changes were observed in the 
controls. In view of the modification of the 
three biopsies diagnostic protocol made by 


the European Society for Paediatric Gastro- 


enterology and Nutrition, permeability tests 
associated with single gluten challenges. may 
be an added contribution to the accuracy of 
the diagnosis in childhood. 


Abnormalities of intestinal permeability have 
been shown by several authors in a series of 
gastroenterological diseases.” The sensitivity 


‘of the permeability test is considerable, as has 


been shown in transient gastrointestinal mucosa 
alterations such as those found in gastro- 


_ enteritis. Typical mucosal alterations of 


patients with coeliac disease are indeed respon- 
sible for considerable abnormalities in sugar 
permeability.! ? 1° 

Passive intestinal permeability can be studied 
in man by various probe markers: polyethy- 
leneglycol 400, °'Cr-EDTA, mannitol, cello- 
biose, lactulose, or L-rhamnose.’~'* All are 


excreted nearly unmodified in urine. Lactulose: 


(with a molecular weight of 340) permeates the 
intestinal mucosa through large ‘pores’ of low 
incidence, which are probably associated with 
the paracellular ‘tight junction’ complexes. Less 
than 1% of ingested lactulose permeates the 
intestinal mucosa and appears in the urine. 
L-Rhamnose’'is a monosaccharide (with a mole- 
cular weight of 164) which permeates mainly via 
a transcellular route through smaller water filled 
pores in the enterocyte cell walls that larger 
molecules, such as lactulose, cannot penetrate. 
Intestine mucosal damage decreases the area for 
absorption. This is a factor which negatively 
influences the high transcellular permeation of 
small molecules like L-rhamnose. It increases 


the incidence of large pores (paracellular and 
extrusion cell zones) which enhances the passive 
permeation of large molecules like lactulose.!* 
The ratio of lactulose:L-rhamnose in urine is 
appreciably raised during severe derangement 
of intestinal integrity and allows an excellent 
diagnostic discrimination of patients with severe 
gut disease. 

_ Sugar permeability has been extensively 
used in the adult gastroenterological patient, 
but fewer reports are available about its applica- 
tion in the paediatric patient.! Hamilton et al 
studied children with coeliac disease and cows’ 
milk intolerance and showed the low specificity 
of the test.!° Adult coeliac patients have been 
studied by the same group in different phases of 
the disease. Sugar permeability improves with 
the start of the gluten free diet and deteriorates 
with the reintroduction of gluten in the diet. Six 
adult patients were challenged with a single 
dose of gluten and their permeability was 
assessed before and 24 hours after the challenge. 
All showed a’significant gluten induced modifi- 
cation. The authors concluded that a single dose 
gluten challenge with an intestinal permeability 
evaluation could be an adequate substitute for 
the recommended long term challenge. !6 Gluten 
challenge has been proved to be associated with 
a consistent reduction of growth velocity in 
children, with clinically relevant symptoms, 
and with a considerable degree of anxiety in 
children and families. !” 

The objective of this study was to evaluate the 
intestinal permeability by an oral load of lactu- 
lose and L-rhamnose in patients with coeliac dis- 
ease after a single dose of gluten. The aim was to 
minimise the time and damage caused by pro- 
longed gluten challenge in these subjects. 


Subjects and methods 

Twenty seven patients with coeliac disease par- 
ticipated in the study. They were included in 
the study if (1) they were aged 7 years or above 
and were aware of what a gluten challenge 
would involve. (2) The diagnosis of coeliac dis- 
ease had been confirmed by a full diagnostic 
protocol with flat mucosal biopsy in the florid 
phase and histological relapse on gluten chal- 
lenge, according to the indications of the Euro- 
pean Society for Paediatric Gastroenterology 
and Nutrition (1982). (3) They had been on a 
gluten free diet for at least two years. (4) Anti- 
gluten antibodies were within normal limits. 
Nineteen healthy subjects were recruited as 
controls and they were age and sex matched 
with the cases. 
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Excretion vaues before and after gluten challenge. Results are mean % oral dose (95% confidence intervals) 


Lactulose 
Controls: 
Before gluten 0°29 (0°32 to 0°25) 
After gluten 0-27 (0°30 to 0°24)* 


Mean changet 
Patients with coeliac disease: 


Before gluten 0:43 (0°48 to 0-37) 
After giuten 0°65 (0°79 to 0°52)** 
Mean change} 


Lactulose:ı.-rhamnose 
ratio 


L-rhamnose 


“11) 0:052 (0:06 to 0-04) 
-42)* 0-045 (0°05 to 0:04)* 
-93 (~11°8 to —6°8) 


0-106 (0-15 to 0-07) 
0-316 (0°42 to 0-21)*** 
+240 (260 to 220) 


Student’s z test for paired samples before and after pluten (log transformed values). 
*p>0°2, **p<0°005, ***p<0-00001. 
{Mean change has been calculated as the antilog of the log transformed value of the percent ratio change before and after the gluten 
load. 





After load 


After load Before load 


Controls 


Lactulose: -t-rhamnose ratio before and after gluten load in patients with coeliac 


disease and in controls. 


PROCEDURE 

Intestinal permeability was assessed twice: once 
after an overnight fast before the gluten chal- 
lenge and again six hours after the ingestion of 
five palatable biscuits made with 50 g of gluten 
powder that was wheat germ free (Salsa), 
cooked with sugar and flavours but no yeast. 

The bladder was emptied, and 5 g of lactulose 
and 1 g of L-rhamnose dissolved in 100 ml water 


were administered. The solution was nearly iso- - 


tonic (220 mosm/l). The osmolarity of the test 
solution was kept below the level known to 
induce an alteration of intestinal permeability 
or motility.” A five hour urine collection was 
performed, the volume was recorded, and a 
sample, preserved with thiomersal (Merth- 
iolate, 1 mg/10 ml urine), was stored at —20°C 
before analysis using a method previously 
described.? The conditions used were a starting 
temperature of the oven at 110°C, with an 


increase of 3°C/minute up to 255°C, injector - 


temperature 275°C, detector temperature 
305°C, gas carrier (nitrogen) flow 35 ml/min, 
attenuation input 1:100 and output 1:2, and 
back off 1:100. 

The lactulose retention time relative to that of 
turanose was 0°92, and the retention time of L- 
rhamnose relative to that of 3-0-methyl-D- 
glucose was 0°79. 


STATISTICAL ANALYSIS 
All study variables were assessed for normality. 


The distribution of lactulose, L-rhamnose, and 
the ratio before the challenge did not show any 
major skewness. The values after the challenge, 
in cases but not in controls, showed a significant 
skewness when compared with a normal distri- 
bution. A log transformation was therefore 
adopted in order to reduce the skewness for the 
data of all the groups when differences between 
the means were assessed. 


Results 
No sex difference was noted in the two groups. 
Mean age was 13°8 (range 5-24) in controls and 
12-3 (range 7-21) i in cases. The frequency distri- 
bution of age in cases was not significantly diff- 
erent than the controls (x? test). None of the 
controls showed any discomfort after gluten 
ingestion. Ten cases did show significant dis- 
turbances, mostly transient vomiting and abdo- 
minal pain two hours after gluten ingestion. 
Before gluten challenge, permeability was 
norma! in all controls and in 25/27 cases. The 
two cases with abnormal permeability before 
the challenge (lactulose:L-rhamnose ratio above 
0-1) claimed to be on a strict gluten free diet. 


“The L-rhamnose excretion before the challenge 


was not statistically different in cases compared 
with controls (unpaired. Student’s ¢ test), while 
the lactulose excretion showed a statistical dif- 
ference between the two groups (unpaired ı 
test=—3°9, p<0'001). After the gluten chal- 
lenge, the controls showed on average no 


alteration -of their permeability (no statistical 


difference for lactulose, L-rhamnose, and the 
ratio). In the patients with coeliac disease the 
lactulose excretion increased about 50%, the 
L-rhamnose halved, and the ratio almost trebled 
(table). 

If the limit of the mean+1’96 SD of the 
lactulose:L-rhamnose ratio of the controls after 
the challenge (0-0646) is assumed as the level of 
normal absorption, none of the cases show a 
normal absorption after gluten challenge. All 
the controls are within normal limits after hav- 
ing ingested the same amount of gluten biscuits. 
The figure shows the- distribution of the 
lactulose:L-rhamnose ratio in cases and controls 
before and after the gluten challenge. 


Discussion 

A hypertonic test solution was often adopted to 
increase sensitivity in adults,'* !? while experi- 
ence in most investigations of children is 
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actually confined to the use of an isotonic test 
solution to avoid the modifications that the 
hyperosmolarity would induce in vivo.!° 
Recently Hodges et al demonstrated that a 
hypertonic sugar absorption test is well toler- 
ated even by young children.”° 

Intestinal permeability was outside the nor- 
mal range in all treated subjects with coeliac dis- 
ease after the challenge. Two of them showed 
significantly higher values than controls before 
gluten challenge. They claimed to be on a glu- 
ten free diet. Minor permeability alterations 
have often been described in treated coeliac 
patients.” ! 

The single dose load of a consistent amount of 
gluten powder that was free of wheat germ does 
not produce any permeability change in healthy 
controls. It produces a consistent alteration of 
the intestinal permeability in most of the cases, 
including the ones with slightly abnormal 
permeability before the challenge. 

The lactulose:L-rhamnose ratio allows a good 
discrimination between cases and controls after 
the gluten challenge. Cases who developed tem- 
porary symptoms on gluten ingestion did not 
show a higher ratio after the challenge than the 
whole coeliac group. In five of these cases, the 
ratio after challenge ranged from 0-09 to 0-20, 
in three there was a very clear rise in the ratio 
due to the challenge (from 0-095 to 0-14, from 
0:07 to 0-095, and from 0-09 to 0-21) and in two 
cases the ratio moved from 0°09 to 0°11. A 
biological variation of the response to gluten 

ingestion is not uncommon in studies of 
coeliac disease. 

Results from 27 cases are not enough to state 
anything about specificity and sensitivity, but 
the observed differences are sufficiently consis- 
tent to make the test a useful tool to evaluate 
gluten challenge in coeliac children. Those sub- 
jects responding sufficiently strongly to the test 
can be regarded as successful and the few 
others, who respond less sharply, should go on 
to a formal long term gluten challenge. 

Sensitivity to gluten in patients with coeliac 
disease is often age dependent and children 
appear to be more sensitive than adults to 
occasional gluten introduction. For this reason a 
single dose of gluten is likely to produce an 
intestinal response in coeliac children. Histo- 
logical abnormalities may not have sufficient 
time to develop after a single dose of gluten, but 
physiological mechanisms may well be affected 
by the offending agent. 

The response to gluten, in most of our cases, 
was not moderate or borderline, but sharp and 
consistent. 

The final confirmation of the diagnosis of 
coeliac disease in children is much too impor- 
tant for the child to be based on the results of a 
single test, with no mucosal evaluation, as sug- 
gested by Hamilton et al.'© We found, from a 
cohort of 426 cases, that after a mucosal relapse 
further challenges were required by teenage 
coeliacs and their families in order to maintain 
the diet. Many of these tests may be carried out 
in the future with no invasive techniques by a 
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single dose gluten challenge and permeability 
evaluation. We have previously used the 
combination of antigluten antibodies with oral 
xylose load to follow up the gluten challenge,*! 
but most cases required at least two months to 
show a clear relapse. Although no symptoms 
appeared in such a time interval, growth arrest 
occurred in a few patients. A six hour gluten 
challenge does reduce the effect on the patient 
and make the challenge a routine ambulatory 
test with an answer within a few days. More 
work will help to identify the best gluten dose 
and osmolality of the sugar solution to improve 
the sensitivity of the test, but no absolutely 
perfect method will remove the biological 
variability in the expression of the intestinal 
permeability. 
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Abstract Case reports 

To study the effect of sodium benzoate on Case | was a 4 year old Japanese boy of unre- 
carnitine metabolism, the acylcarnitine profile lated parents. At the age of 3 days he was tı 

in the urine of five normal volunteers and two ported to our hospital because of coma with pu 
patients with urea cycle disorders was exami- monary haemorrhage. On admission his blood 
ned with fast atom bombardment-mass spec- ammonia concentration was appreciably raised 
trometry. The volunteer subjects were given (503 umol/l) but his urinary orotate was not 
5 g of sodium benzoate orally and the two increased. For the analysis of urea cycle enzyı 
patients with urea cycle disorders (carbamyl activities’ a liver biopsy was performed a 
phosphate synthetase deficiency—type—I_and—age-of 3-months,-which-confirmed-a-diagnosi: 
ornithine transcarbamylase deficiency) were carbamyl phosphate synthetase deficiency 

already undergoing treatment with sodium IHO% of control activity) ths biced ammonia 
benzoate and L-carnitine. The amount of ben- concentration was maintained at <30 umol/l | 
zoylcarnitine excretion depended on the dose a restricted protein diet, arginine, and sodıuı 


of both sodium benzoate and L-carnitine in a benzoate until the time of the study when the 
reciprocal relation. Increased excretions of patient was aged 4 years. 
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ammonia to 87 umol/l. The dose of sodium ben- 
zoate was then increased to 300 mg/kg/day; this 
led to a fall in blood ammonia to within the nor- 
mal range. Throughout the period of study the 
child remained asymptomatic and was main- 
tained on intravenous L-carnitine at the dose of 
25 mg/kg/day. 

Case 2 was a 2 year old Japanese boy of unre- 
lated parents. He presented at the age of 2 days 
with lethargy and convulsions. His blood 
ammonia concentration was 334 umoll and 


urinary orotate was remarkably increased (91°5-' 


354:0 ug/mg creatinine). The concentration of 
plasma citrulline was decreased. The diagnosis 
of ornithine transcarbamylase deficiency was 
established on the basis of enzyme assay of a 
liver biopsy specimen (activity 1% of control). 
He was treated with a low protein diet and 
sodium. benzoate (200 mg/kg/day). He remained 
asymptomatic and has shown normal growth. 
When he was 2 years old, hypocarnitinaemia of 
1-0-3-0 umol/l was noticed and an L-carnitine 
supplement of 50 mg/kg/day was started. 


Five male volunteers who were on no medica- 


tion and in good health were enrolled in the 


study to assess the short term effect of sodium 
benzoate administration. Informed consent was 
obtained from all of them. Their mean (SD) age 
was 23 (2) years and they weighed 65 (5) kg. 
Sodium benzoate (5 g) was orally administered 
after overnight fasting. Blood and urine samples 
were taken at various intervals (0, 2, 4, 6, and 
24 hours after the load). 


Methods 

All serum and urine samples were stored at 
—20°C for subsequent analysis. Blood ammonia 
concentration was measured by the glutamate 
dehydrogenase method. Urinary hippurate was 
assayed by the colorimetric method.® All the 
reagents used were of reagent grade. 


URINARY ACYLCARNITINE PROFILE 

D3-carnitine (?H;-Me,-N:carnitine) was the 
kind gift of the Earth Chemical Company, 
Hyogo, Japan. Acetyl-D3-carnitine and pro- 
pionyl-D3-carnitine were synthesised with 
each acylchloride and D3-carnitine by a similar 
method to the benzoyl-D3-carnitine synthesis 
described previously.° These authentic acyl-D3- 
carnitines were over 95% in purity when 
assayed by the carboxylic acid analyser with an 
ODS column.’ Urinary concentrations of carni- 
tine derivatives, whose methyl esterification 
were done by deuterium exchanged methanol 
(CD30D), were quantified with fast atom 
bombardment-mass spectrometry (JMS-DX 
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300; JMA-DA 3500, JEOL, Tokyo, Japan) by 
the stable isotope dilution techniques as descri- 
bed by Montgomery and Mamer.’° By this 
analytical procedure, because the one fragment 
ion signal of both labelled: and unlabelled 
benzoylcarnitine-D3-methyl ester (M-62, M-59, 
respectively) is just the same as that of acetyl- 
D3-carnitine-D3-methyl ester (m/z=224), these 
two compounds are indistinguishable. Additio- 
nally, the maximal strength of each acylcarni- 
tine signal has a different scanning time. To 
make a quantitative analysis of acylcarnitine, 
each acyl-D3-carnitine should be used as its 
own internal standard. For a quantification of 
acetyl, propionyl, and benzoylcarnitine, there- 
fore, acetyl-D3-, propionyl-D3-, or benzoyl- 
D3-carnitine was used as an internal standard in 
each sample. By this procedure the calibration 
curve of acetyl, propionyl, and benzoylcarnitine 
was linear over the sample concentration range 
from 1 to 500 nmol/ml. 


STATISTICAL ANALYSIS 

Each value represented the mean (SE). Values 
of the two groups were compared with the Stu- 
dent’s ¢ test. Unless indicated otherwise the 
level of significance was set at p<0-05. 


Results 

In case 1 a slightly reduced urinary excretion of 
hippurate was noted after lowering the dose 
of sodium benzoate (50 mg/kg/day). This 
rapidly increased again when the dose was 
augmented ‘to 300 mg/kg/day. The excretion 
pattern of benzoylcarnitine was almost the same 
as that of hippurate (fig 1). Acetylcarnitine and 
propionylcarnitine concentrations in urine also 
changed similarly to benzoylcarnitine, but their 
amounts were reduced gradually even though 
the same dose of sodium benzoate was given. 

In case 2, as shown in fig 2, a large amount of 
propionylcarnitine and acetylcarnitine but only 
a small amount of benzoylcarnitine (43 umol/g 
creatinine) was excreted in urine when sodium 
benzoate was given without L-carnitine adminis- 
tration. Benzoylcarnitine excretion increased to 
10-fold by the addition of L-carnitine and the 
hippurate excretion also increased to a lésser 
degree. 

In the volunteers the excretion of acetylcarni- 
tine and propionylcarnitine increased rapidly 
and reached the maximum point at two hours 
after loading (that is, 7°5-fold and 22-fold, 
respectively), The excretion of both hippurate 
and benzoylcarnitine were slightly slow and 
reached the maximum at four hours after load- 
ing (table). 


Carnitine derivatives and hippurate in urine after sodium benzoate loading test in volunteers. Results are mean (SE) 


Time after load (hours) 





0 2 4 6 24 
Acetylcarnitine (nmol/mg creatinine) 13-1 (4-2) 97-8 (23-2)* 94°7 (26°4)* 28-4 (10-2) 28-5 (4-9) 
el PRES (nmol/mg creatinine) 90 (2-4) 200-0 (41-5) 1793 (524 20-9 (3-7) 11:8 (4-3) 
Benzoylcarnitine (nmol/mg creatinine) 1-9 (0-4) 34-2 (13-2)* 67.4 (21°5)* 51:8 (18-2) 3-1 (0-7) 
Hippurate (umol/mg creatinine) 3-9 (0-6) 2050 (41-7)* 221 (47-8)* 32-2 (7-2) 2:2 (0-4) 


*Significant difference from baseline. 
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Figure2 Case2: treated 
with oral sodium benzoate at 
the dose of 200 mg/kg/day, 
L-carnitine was started from 
day0 at50 mg/kg/day. 
Uppergraph: benzoy 
excretion was increased 
about 10 times by the 
carnitine supplementation 
and more hippurate was also 
excreted than at0 hours. 
Lower graph: both 
concentrations were very 
high but were replenished 
after L-carnitine 


supplement. 


| Sodium benzoate 200 mg/kg/day 
| L-Carnitine 50 mg/kg/day 
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Discussion 

Because benzoyl-CoA conjugates with glycine to 
be excreted as hippurate into the urine, sodium 
benzoate has been used for the treatment 
of hyperammonaemia.! * Recently we reported 
that a certain amount of benzoylcarnitine was 
excreted in the urine of a patient with carbamyl 
phosphate synthetase deficiency type I on ben- 
zoate treatment. 

In this investigation a relatively large amount 
of benzoylcarnitine could be detected in urine of 
volunteers receiving sodium benzoate as well as 
from two patients with urea cycle disorders. 
Therefore, benzoylcarnitine might be another 
important product (0°5 to 7%) of benzoate and 
its excretion in urine is a possible cause of 
hypocarnitinaemia associated with long term 
benzoate treatment for hyperammonaemic 
patients. In addition, increased acetylcarnitine 
and propionylcarnitine excretions were also rec- 
ognised both in patients and volunteers. The 
sum of these three carnitine derivatives 
accounted for the majority of increased ester- 
ified carnitines. Thus the increase in excretion 
of acetylcarnitine and propionylcarnitine, plus 
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benzoylcarnitine excretion, might be another 
cause of hypocarnitinaemia in benzoate treat- 
ment. 

These phenomena could be explained as fol- 
lows. Acyl-CoAs were catalysed with carnitine 
then formed corresponding acylcarnitines 
according to the equation below: 


[acyl-CoA ][carnitine]=k [acylcarnitine][CoA-SH] 


where k is a constant. As amounts of acylcarni- 
tine were excreted into the urine after benzoate 
administration in volunteers and in patients, 
both the increased influx of carnitine into 
mitochondria and the decrease of the acyl-CoA 
concentration were predicted, which is consis- 
tent with the data of in vitro study on rats. Y 

An unexpected observation was the finding of 
large amounts of propionylcarnitine in urine 
rather than acetylcarnitine. Although this 
important change was induced by the adminis- 
tration of sodium benzoate, the cause of it was 
obscure. 

Sodium benzoate has been administered to 
hyperammonaemic patients. It 1s also important 
not to overlook the adverse potential for 
mitochondrial functions and to administer it 
appropriately. In the present study it was con- 
firmed that the alteration of carnitine metabol- 
ism could generally be induced by benzoate 
administration and that its analysis might be 
useful to examine the effect of benzoate on 
mitochondria in vivo. These results suggested 
that L-carnitine supplementation should be con- 
sidered to correct a carnitine shortage as well as 
to preserve an adequate intramitochondrial CoA 
profile. 


Thanks go to Dr Naruji Sugiyama, Dr Takashi Ichiki, Dr Masa- 
nori Kobayashi, and Dr Yoshiro Wada for discussion of the 
manuscript. Thanks are also due to Dr Yoshimi Suzuki and Dr 
Yutaka Nishimura (department of paediatrics, Toyohashi City 
Hospital) for providing specimens from case 2. 
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Clinical predictors and radiological reliability in 
atlantoaxial subluxation in Down’s syndrome 


KA Selby, RW Newton, S Gupta, L Hunt 


Abstract 

Clinical signs and symptoms that might pre- 
dict atlantoaxial subluxation were studied 
prospectively in 135 of 180 children with 
Down’s syndrome aged 6-14 years who form 
the Hester Adrian Research Centre cohort. 
Lateral radiographs of the cervical spine were 
taken in flexed, extended, and neutral posi- 
tions, and the percentage of abnormalities in 
each view was 14, 10, and 10%, respectively. 
Gait was the only significant clinical predic- 
tor. The relative risk of having an abnormal 
neck radiograph with an abnormal gait was 
2-91 (95% confidence interval (CI) 1 to 8). The 
sensitivity was 50% and the specificity 81%. 
Nineteen children had repeat radiographs to 
assess the reliability of radiological diagnosis. 
Six had abnormalities; five of 19 (26%) had an 
abnormality on the first radiograph, and four 
of 19 (21%) had an abnormality on a second 
radiograph, but only three (15%) had an 
abnormality on both occasions in any view 
(95% CI 0 to 25). 

We conclude that radiographs of the cervi- 
cal spine are unreliable at identifying atlanto- 
axial subluxation in children with Down’s 
syndrome, and we failed to identify any reli- 
able clinical predictor. 


Atlantoaxial subluxation has been reported to 
occur in 9:5-27% of individuals with Down’s 
syndrome, © although symptomatic disloca- 
tion has rarely been reported. The association of 
atlantoaxial subluxation with Down’s syndrome 
was noted in the 1960s when Spitzer et al descri- 
bed forward displacement of the atlas on the 
axis.’ Atlantoaxial subluxation may be a mani- 
festation of hypotonia and joint laxity that 
occurs in children with Down’s syndrome 
allowing increased mobility between the atlas 
and the axis during flexion and extension of the 
neck. Abnormalities of the odontoid process of 
the axis may also play a part.® When atlantoaxial 
subluxation occurs it may also cause compres- 
sion of the spinal cord. The incidence has been 
reported as 1:5% in an unselected study on 404 
individuals with Down’s syndrome. 
Previous studies have reported on hospital 
based populations, and the incidence of abnor- 
mality may therefore be artificially high. A 
recent community based study of adults sought 
a correlation between radiological and neurolo- 
gical abnormality.” The neurological testing 
was, however, less detailed and less sensitive 


than in the present study. Furthermore, to 


reflect the underlying improvement of atlanto- 
axial subluxation with age a stricter definition 
was used (atlantodens distance >3 mm). 


We chose to study a population based group 
that had already been validated as a cohort. We 
hoped to identify simple clinical parameters 
that could be used by senior clinical medical 
officers to identify the problem within the com- 
munity. No previous studies to our knowledge 
have prospectively sought predictive signs. 

In 1984 the Committee on Sports Medicine of 
the American Academy of Pediatrics published 
recommendations that all patients with. Down’s 
syndrome who wished to take part in sports 
involving stress on the head and neck in the spe- 
cial Olympic games should have a medical 
examination, and radiographs of the cervical 
spine taken in -full flexion and extension, to 
ensure that there was no evidence of atlantoaxial 
subluxation or neurological abnormality. If 
these were both normal at 5-6 years of age no 
further follow up would be required." 

In Britain these recommendations were sup- 
ported by the Department of Health and by 
Mencap,'? ’® and so a radiograph of the neck 
indicating an abnormality led to restriction of 
active sports such as gymnastics, trampolining 
and diving, and to referral for neurolögical 
assessment. 


Patients and methods 

Berween August 1973 and August 1980 the Hes- 
ter Adrian Research Centre (HARC) recruited a 
cohort of children with Down’s syndrome in the 
Greater Manchester area. They were referred by 
general practitioners, paediatricians, and health 
visitors. All-diagnoses were confirmed by chro- 
mosomal analysis. The validity of this cohort 
was confirmed by notifications of Down’s syn- 
drome to the Office of Population Censuses and 
Surveys and from records at the regional cytoge- 
netics laboratory.'* 

Of the 180 children in the cohort, 135 were 
admitted to the present study, 19 of the non- 
participants had died, 17 had moved from the 
area, and parental consent was refused in nine. 

The children were aged between 6-14 years at 
the time of the study, mean 9-3 years. Ethics 
committee approval was granted. Informed con- 
sent was obtained and, for those families who 
agreed to take part, a letter was sent from the 
regional department of child and adolescent 
neurology to arrange a consultation. All the 
children were examined by one paediatrician 
(KAS) and the clinical findings were kept from 
the clinician interpreting the radiographs. The 
families were interviewed and a questionnaire 
with symptoms relating to neck stiff- 
ness, bowel and bladder control, toe walking, 
and sleep apnoea was discussed. Motor skills 
were assessed by the modified Gubbay test,!” 


Clinical predictors and radiological reliability in atlantoaxial subluxation in Down’s syndrome 


Table! Abnormality 
(atlantoaxial distance >4°5 


mm) shown on radiographs 
of the cervical spine in 
19/135 patients 
Position No (%) 
with 
abnormality 
Flexion 
(n= 124) 18X15) 
Extension 
(n=122) 12 (10) 
Neutral 
(n=112) 1110) 


which consists of four independent tests scored 
against standardised norms for both normal 
children and children with moderate learning 
difficulties. 16 

Further assessments of hand and leg function 
and of gait were made with the quick neurolo- 
gical screening test. 1” Neurological examination 
included assessment of power, tone, reflexes, 
clonus, gait, and neck movements. The scoring 
of gait paid particular attention to eversion of 
the feet, abnormality of heel-toe placing, and 
fluency of movement. 

The children then had radiographs of the cer- 
vical spine taken in flexed, extended, and 
neutral positions. Atlantoaxial distance was 
defined as the measurement from the postero- 
inferior aspect of the anterior arch of the atlas to 
the anterior surface of the odontoid process and 
was regarded as abnormal if it was >4°5 mm. 
All radiographs were reported by one consultant 
paediatric radiologist who was unaware of the 
clinical findings. 

During the study, it was noted that a second 
radiograph of a child failed to show a previously 
observed abnormality. After this, the remaining 
19 children in the study had repeat radiographs 
taken (with informed parental consent) after a 
10 minute interval to indicate the degree of 
reliability. 

The x? test with Yates’s correction was used 
to assess the significance of differences between 
groups, and a p value of <0-05 was accepted as 
significant. Relative risks and 95% confidence 
intervals (CI) were calculated. 


Results 

RADIOGRAPHS OF THE CERVICAL SPINE (table 1) 
Most abnormalities were found in flexion, 
which identified 95% of patients with atlanto- 
axial subluxation. 


NEUROLOGICAL ASSESSMENT (table 2) 
Significantly more children with an abnormal 
gait had abnormal radiographs (nine of 30: com- 
pared with nine of 101, p<0-01). The relative 
risk of an abnormal radiograph of the neck 
occurring in a patient with an abnormal gait is 
2°91 p<0-05, 95% CI 1 to 8). No other signifi- 
cant correlations were found. The gait measure- 
ments in the quick neurological screening test 
showed a positive but not significant correlation 
with abnormal radiographs of the neck (p=0°2). 
The sensitivity of gait as a measure of atlanto- 
Ho subluxation was 50% and the specificity 
0. 

The sequential set of results shown in table 3 
are those of case 80, a 10 year old boy with evi- 
dence of toe walking. A further 18 children also 


Table2 Correlation of radiographic appearance and gait in 
131 children with Down’s syndrome 


Gait Radiographs Total 
No(%) Ne (%) 
normal abnormal 
Normal 92 (91) 9 (9) 101 
Abnormal 21 (70) 9 (30) 30 


hae children with abnormal gait did not have radiographs 
en. 
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Table3 Atlantoaxial distance (mm) in three sets of 


radiographs on one patient 
Position Radiograph 

I 2 3 
Flexion 10 6 3 
Extension 3 4 3 
Neutral 12 2 5 


Interval between radiographs 1 and 2 was three weeks and 
between radiographs 2 and 3 was 10 minutes. 


Table4 Atlantoaxial distances (mm) on two sets of 
radiographs taken 10 minutes apart from six of 19 children 
with radiographic abnormalities 


Case Position 
a Neutral . Flexion Extension 
First Second. First Second First Second 
l Not 
recorded 4 2 5 4 3 
2 ot 
recorded 2 7 3 4°5 3 
3 5 45 4 4 3 3 
4 3 3 3 5 5 5 
5 5 3 5 3 5 2-5 
6 12 2 10 6 3 4 


had repeat radiographs. Of these 19 children 
(table 4) six (32%) showed an abnormality. In 
five this was in the first set of films, in four in 
the second, and in three in both sets. Only one 
of three (case 3) in the neutral position was 
recorded as abnormal in both radiographs. One 
of five (case 6) remained abnormal in flexion, 
and one of three (case 4) remained abnormal in 
extension. 


Discussion 

The high incidence of atlantoaxial subluxation 
in Down’s syndrome has been widely 
reported,'-'° and our incidence of 14% is in 
keeping with those results. Abnormalities of the 
odontoid process including hypoplasia and 
accessory odontoid ossicles have been reported 
relatively frequently in other. studies.” The 
methods on which the radiographic abnormali- 
ties are based refer almost exclusively to the 
adult population, and as the odontoid peg 
(which has four ossification centres that ossify at 
various stages and then fuse together) does not 
attain its normal size and shape until at least 
8-10 years of age, it will look relatively ‘hypo- 
plastic’ in normal children. We did not identify 
any specific abnormality of the odontoid peg. 

This study was carried out in a cohort of chil- 
dren with Down’s syndrome. To our knowledge 
this is the first such study, and as it is a popula- 
tion based study it is reliable. 

Radiographs of the neck seem to be unreli- 
able in identifying atlantoaxial subluxation (the 
observed 14% abnormality had a 95% CI of 0 to 
25). The reason for the variability may be due to 
ligamentous laxity; it cannot be due to upper 
respiratory tract infections? or any other 
anomaly of the cervical vertebrae.® 

Subjective observers have noted alterations in 
muscle tone with mood in children with Down’s 
syndrome (hypotonic when subdued compared 
with relatively normal when angry or excited), 
and this may contribute to the lack of reliability 
of radiographs. 
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Almost all the cases of atlantoaxial dislocation 
that have been reported were preceded by 
abnormal neurological symptoms and signs,!® !? 
and Pueschel found a 1:5% incidence of neuro- 
logical signs with neck abnormalities. All the 
children in our study with radiographic abnor- 
malities were asymptomatic with no neurologi- 
cal signs. 

We attempted to assess predictive signs of 
atlantoaxial subluxation—objective measure- 
ments of gait abnormalities were not signifi- 
cantly associated with neck abnormalities. 
Further study of qualitative measures of gait in 
community based paediatric practice would be 
of value. 

As radiographs of the neck are unreliable at 
identifying atlantoaxial subluxation we cannot 
recommend them for screening. Although the 
sensitivity of gait abnormality with a neck radio- 
graph abnormality was 50% this may not be the 
result of pyramidal tract dysfunction, but of the 
hypotonia seen in the neck and feet of children 
with Down’s syndrome. 

Bearing in mind the extreme rarity of cord 
compression reported in the world literature, 
and given the poor reliability and reproducibi- 
lity of abnormal radiography of the neck, we 
think that many children with Down’s syndrome 
are having their lives unnecessarily restricted by 
defensive medical practice. Our findings would 
support the view of a re-examination of the 
evidence reported by Davidson in 1988.7! He, 
together with Roy et al, stated that the wide- 
spread implication of screening would deprive 
individuals with Down’s syndrome from bene- 
ficial activities. In view of the above findings we 
feel that the advice given by Department of 
Health should be revised. 


We thank Professor Cliff Cunningham for his advice and support 
and for information about the original cohort. 
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Subcutaneous or intramuscular insulin injections 


C P Smith, M A Sargent, BP M Wilson, D. A Price 


Abstract 

To find out whether diabetic children may 
inject their insulin intramusculariy rather than 
subcutaneously, a random sample of 32 
patients aged 4-3-17-9 (median 11-3): years 
was studied. Distance from skin to muscle 
fascia was measured by ultrasonography at 
standard injection sites on the outer arm, 
anterior and lateral thigh, abdomen, buttock, 
and calf. Distances were greater in girls (n= 
15) than in boys (n=17). Whereas in most 
boys the distances were less than the length of 
the needle (12-5 mm) at all sites except the 
buttock, in most girls, the distances were 
greater than 12-5 mm except over the calf. 
Over the fascial plane just lateral to the rectus 
muscle the distance from skin to peritoneum 
was less than 12-5 mm in 14 of the 17 boys and 
one of the 15 girls. Twenty five of the 32 chil- 
dren injected at an angle of 90°, and 24 chil- 
dren raised a skinfold before injecting. By 
raising a skinfold over the anterior thigh, the 
distance from skin to muscle fascia was 
increased by 19% (range 0-38%). 

We conclude that most boys and some girls 
who use the perpendicular injection technique 
may often inject insulin into muscle, and 
perhaps on occasions into the peritoneal 
cavity. 


For many years diabetic patients were advised 
to inject insulin into a skinfold, inserting the 
needle at an angle of 45°. Since the introduction 
of disposable plastic insulin syringes, which 
have much shorter (12°5 mm) needles, the 
recommended injection technique was altered. 
Most patients were advised to insert the needle 
at an angle of about 90° to nearly its whole 
length. To obtain a painless injection they were 
advised to stretch the skin before injecting, 
although thin patients were sometimes advised 
to raise a skinfold.! In this way it was felt that 
insulin would consistently be deposited into 
subcutaneous adipose tissue and the risk of 
penetrating muscle was considered to be negli- 
gible. 

Frid and Linden were the first to cast doubt 
on the latter assumption when they showed by 
computed tomography that the depth of sub- 
cutaneous fat over many sites in the thigh and 
abdomen was often less than 10 mm in lean 
adult patients.” Their results were confirmed in 
a more recent report which showed by ultraso- 
nography that the depth of subcutaneous fat 
over the deltoid muscle and the abdomen was 
less than 10 mm in 11 of 13 adult male 
volunteers.” These results suggest that adults 


who use the perpendicular injection technique 
may sometimes deposit insulin into muscle 
rather than fat. 

Intermittent intramuscular administration of 
insulin could lead to variations in glycaemic 
control if the rate of absorption from muscle dif- 
fered from that of the subcutaneous tissue. 
Recent studies in which modern imaging tech- 
niques were used to ensure accurate placement 
of insulin, have shown that insulin tends to be 
absorbed much faster from muscle than from 
subcutaneous adipose tissue.’ 4 

To assess the risk of inadvertent intramus- 
cular injection of insulin in children of different 
ages and stages of development, we measured 
the distance from skin to muscle fascia at 
recommended injection sites by high resolution 
real time ultrasonography. 


Patients and methods 

A random sample of 32 diabetic children was 
recruited from the paediatric diabetic clinic at 
this hospital. All the subjects were white, except 
one who was Afro-Caribbean. Details of the 
insulin injection technique, sites used, and 
whether parent or child gave the insulin were 
recorded for each child. Injection sites were 
examined for areas of lipohypertrophy or lipoat- 
rophy. All subjects were weighed, and height 
was measured with a Harpenden stadiometer. 
Percentage body mass index was used as a mea- 
sure of the relative body weight of subjects,’ 
and was calculated as: A/Bx100% where A= 
actual weight/(actual height)* and B=50th cen- 
tile weight for age/(50th centile height for age)’. 
Weight and height were measured in kilograms 
and metres respectively. Subjects were exami- 
ned to assess the stage of pubertal development 
using Tanner’s criteria and were divided into 
prepubertal (stage 1) and pubertal (stages 2—5) 
groups. 

The glycated haemoglobin (bA,) (HbA,) mea- 
surement from the most recent clinic attendance 
(within three months) was recorded as an index 
of glycaemic control. Clinical details of subjects 
are shown in table 1. One prepubertal girl was 
included who was a newly diagnosed diabetic 
patient. She had a short history, was well, and 
had not lost weight. Her body mass index 
(108%) did not differ from the group as a whole. 

Distances from skin to muscle fascia were 
measured with high resolution real time ultraso- 
nography with an electronically focused 5MHz 
linear array transducer (Ultramark 9), and the 
accuracy of linear depth measurement was 
within 0-5 mm. The same investigator (MAS) 
made all measurements, and patients lay supine 
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Table I Clinical characteristics of study subjects. Results are expressed as median (range) 


Boys Girls 

Tanner stage Tanner stage Tanner stage Tanner stage 

1 2-5 i 2-5 

(n=9) (n=8) (n=7) (n=8) 
Age (years) 9-2 (4°3-11°6) 153 (12- L-17- 9) 9-1 (4-9- 11-5) 14°5 (9°7--15°6) 
Duration of diabetes (years) 4-3 (1-73) §°7 (2-1-9) 2°6 (0-7-9) 4°2 (1-2--10-9) 
% Body mass index 108* (103-120) 98* (93-125) 107 (79-121) 108 (96-132) 


Giycated haemoglobin (%) 9-8 (84-113) 10°3 (7°8-14-1) 8-8 (8-6-11°9) 9-8 (7-5-143) 


*p=0-02. 


and prone during the study. Measurements at 
all sites were made in the transverse plane. 
Compression of the skin and underlying tissues 
was avoided during measurement by applying a 
layer of aqueous ultrasonic contact gel as a short 
transducer standoff device. By viewing the real 
time image it was possible to obtain measure- 
ments when there was no compression of skin or 
underlying tissues. 

The within investigator variability was calcu- 
lated from 10 measurements of uncompressed 
distance from skin to muscle fascia at the same 
site (anterior thigh) in the same subject. The 
results were concealed from the investigator by 
covering the figures at the bottom of the screen. 
The coefficient of variation for these measure- 
ments was 3°3%. 

The distances from skin to muscle fascia were 
measured at the following sites, on the left hand 
side of the body: 

(i) Outer arm—the lateral aspect of the arm 
one third of the way between the acromion of 
the scapula and the head of the radius. 

(ii) Anterior thigh—the anterior aspect of the 
thigh in the midline halfway between the anter- 
ior superior iliac spine and the superior aspect 
of the patella. Measurements were repeated. at 
this site with the skin squeezed in the way that 
some patients prepared for injection. Further 
measurements were then taken at the same site 
while pressing with the ultrasound transducer 
with sufficient pressure to cause maximum 
compression or displacement of underlying tis- 
sues. 

(ii) Lateral thigh—the lateral aspect of the 
thigh halfway between the anterior superior 
iliac spine and the superior aspect of the patella. 

(iv) Anterior abdomen—anterior to the 
thickest part of rectus muscle halfway between 
the anterior superior iliac spine and the umbili- 
cus. 

(v) Lateral abdomen (to peritoneum)—the 
distance from skin to peritoneum was measured 
lateral to the rectus muscle over the aponeuroses 
of the other abdominal muscles halfway 
between the anterior superior iliac spine and the 
umbilicus. 

(vi) Buttock—the point in the centre of the 
upper outer quadrant of the buttock. 

(vii) Calf—the posterior aspect of the calf in 
the midline halfway between the medial mal- 
leolus and the medial condyle of the tibia. 

All subjects or their parents, or both, gave 
written informed consent, and the study was 
approved by the local ethics committee. 


STATISTICAL ANALYSIS 
Median values and ranges are given because 
data were not normally distributed. The Mann- 


Whitney U test was used to analyse the signifi- 
cance of differences. A probability of <0-05 was 
accepted as significant.. 


Results 

PATIENTS 

The median ages (range) of boys and girls did 
not differ: boys 11°6 years (4°3~17°9), girls 11-2 
years (4°9--15°6). Median percentage body mass 
index was also similar (boys—105% (93-125), 
girls—107% (79-132)), but pubertal boys were 
leaner than prepubertal boys (p=0°02) (table 1). 


INSULIN INJECTIONS 

Insulin injections were administered by parent 
(10/32), child (14/32), or both parties (8/32). 
Numbers of sites used were: one, 6/32; two, 16/ 
32; more than two, 10/32 children. Sites used 
were thigh (29/32), arm (22/32), abdomen (4/ 
32), buttock (13/32), and calf (2/32). Inquiry 
about injection technique revealed that 24/32 
children raised a skinfold before inserting the 
needle, 3/32 did not, and 5/32 did so on occa- 
sions. The needle was inserted at 90° by 25/32 
children. . The remainder injected at various 
angles between 45 and 90°. Twenty nine of 32 
children reported that the needle was inserted as 
far as the hub. 


INJECTION SITES 
Six children had lipohypertrophy, but in no 
case was it evident at the site of measurement. 


Distances from skin to muscle fascia 
(uncompressed) 
Figures 1 and 2 show distances from skin to 
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Figure I Distance from skin to muscle fascia at injection 
sites in prepubertal (O) and pubertal (@) boys. Horizontal 
line at 12-5 mm indicates length of needle. Distances were 
significantly greater in prepubertal boys over the arm 

(p=0-02) and anterior thigh (p=0°05). 
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Fıgure2 Distance from skin to muscle fascia at injection 
sites in prepubertal (O) and pubertal (@) girls. Horizontal 
line at 12:5 mm indicates length of needle. Distances were 
significantly less in prepubertal girls over the abdomen 

- (p=0-003) and calf (p=0-02). Two girls were not included 
in the arm measurements as the results were technically 
unsatisfactory. 


muscle fascia at the sites mentioned in boys and 
girls, respectively. 

The most striking observation was that dis- 
tances from skin to muscle fascia were much 
greater in girls than in boys; p=0°03 for the 
calf, p<0°001 for all other sites. In most boys 
the distance from skin to muscle fascia was less 
than 12:5 mm at all sites except the buttock. In 
contrast, most girls had subcutaneous fat layers 
of greater than 12:5 mm except over the calf, 
where prepubertal girls had little subcutaneous 
fat. The sex differences were most pronounced 
in pubertal children, girls having more subcuta- 
neous fat than boys at all sites (p<0-°02). Pre- 
pubertal girls, however, also tended to have 
more subcutaneous fat than their male counter- 
parts, but the differences were significant only 
over the anterior thigh and the buttock 
(p<0-01). 

When prepubertal and pubertal groups were 
compared, distances from skin to muscle fascia 
tended to be greater in girls during puberty 
rather than before, but were significant only 
over the abdomen (p=0-003) and the calf (p= 
0-02). In contrast, pubertal boys tended to have 
less subcutaneous fat over injection sites than 
prepubertal boys, and the differences were sig- 
nificant over the arm (p=0-02) and the anterior 
thigh (p=0-05). 


Distances from skin to muscle fascia over 
raised skinfold 

After the standard measurement over the anter- 
ior thigh had been made, a skinfold was raised 
and the measurement was repeated at the same 
site. Median values (range) for distances from 
skin to muscle fascia over the anterior thigh 
were 13 (6-28) mm and 15 (6-32) mm before 
and while squeezing the skin, respectively. The 
distance from skin to muscle fascia was 
increased by 3 mm (0-5 mm) when a skinfold 
was raised, a change of 19% (0-38%). 


Distance from skin to peritoneum over lateral 
abdomen 
Just lateral to the rectus muscle is an area about 
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Table 2 Distance (mm) from skin to peritoneum just lateral 
to left rectus muscle, half way between the anterior superior 
iliac spine and the umbilicus 


Noin 


Median 
(range) whom distance 
<12-5 mm 
Prepubertal boys (n=9) 11 (8-13) 7 
Pubertal boys (n=8) 10 (8-38) 7 
Prepubertal nr (n=7) 14 (7-20) I 
Pubertal girls (n=8) 31 (20-49) 0 


2 mm wide that consists of skin, subcutaneous 
fat, and the aponeuroses of the abdominal mus- 
cles that converge to form the rectus sheath. 
Being devoid of muscle, the distance from skin 
to peritoneum is remarkably short, and is less 
than the length of the needle in most prepuber- 
tal and pubertal boys (table 2). 


Distances from skin to muscle fascia 
(compressed) 

Additional measurements were taken over the 
anterior thigh while pressing with the ultra- 
sound transducer with sufficient force to cause 
maximum compression or displacement of 
underlying tissues, as seen on the real time 
image. A comparison of these with measure- 
ments of uncompressed tissue at the same site 
showed that distances from skin to muscle fascia 
were reduced by 33% (17-45%) as a result of 
pressure. This reduction emphasises the 
importance of avoiding contact between trans- 
ducer and skin during measurements. 


Discussion 

The present study shows that girls have a 
deeper subcutaneous fat layer than age matched 
boys over all standard sites for insulin injection. 
In girls the subcutaneous fat layer tends to be 
deeper during puberty rather than before, 
whereas in boys the reverse is true. These obser- 
vations are consistent with the findings of Tan- 
ner and Whitehouse.’ They reported a steady 
increase in skinfold measurements from the age 
of about 6 years to maturity in girls, whereas the 
increase was much less pronounced in boys, 
with a slight reduction in skinfold measure- 
ments during the period corresponding to the 
pubertal growth spurt. The difference in the 
subcutaneous fat layer between prepubertal and 
pubertal boys may have been exaggerated in the 
present study because the relative percentage 
body mass index was greater in prepubertal 
than in pubertal boys. 

We found that in most boys the distance from 
skin to muscle fascia was less than the length of 
the needle (12-5 mm) at all sites except the but- 
tock. In contrast, most girls had subcutaneous 
fat layers of more than 12:5 mm at all sites 
except the calf. Our findings in girls are perhaps 
surprising in view of the results from studies in 
adults. Frid and Linden showed that subcuta- 
neous fat in the thigh and abdomen was often 
less than 10 mm thick in 14 non-obese adults, 
three of whom were female.” In contrast, 
another study showed that the majority of 10 
non-obese patients (six female) had subcuta- 
neous fat layers more than 12 mm thick over the 
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upper medial thigh and the abdomen.* Both 
these studies measured the depth of subcuta- 
neous fat with computed tomography whereas 
other investigators have used ultrasono- 
graphy.” ® Vaag et al found that the overall 
mean thickness of the subcutaneous fat layer 
in the anterolateral aspect of the thigh was 
4 (range 2-10) mm in lean men, and 7 (range 2- 
13) in lean women.® All these studies were of 
relatively small numbers of adult subjects who 
had all been selected because they were not 
obese. It is therefore impossible to estimate the 
risk of accidental intramuscular injections of 
insulin within a clinic population of diabetic 
adults from these data. Our results suggest that 
in children, most boys and some girls who do 
not raise a skinfold and who use the perpendicu- 
lar injection technique deposit insulin in muscle 
rather than fat. Furthermore, it suggests that 
both sexes are at risk of accidental intramuscu- 
lar injections of insulin when using the calves as 
the site of injection. 

In the present study we investigated a ran- 
dom sample of children who attended a paediat- 
ric diabetic clinic. Twenty five of the 32 chil- 
dren used the perpendicular injection technique 
and in 24 the insulin was injected into a skin- 
fold. Our results showed that by raising a skin- 
fold the distance from skin to muscle fascia at 
the apex of the skinfold was increased by 3 
(range 0-5) mm over the anterior thigh. It 
therefore seemed that most children, perhaps 
unwittingly, had adopted a sensible practice 
that increased the chance of insulin being depo- 
sited in fat rather than muscle. Our measure- 
ments, at the apex of the skinfold, took no 
account of the fact that some children inject into 
the down slope of a raised skinfold. This could 
further increase the chance of insulin being 
deposited in fat rather than in muscle. 

Considering the abdomen as a site for injec- 
tion, we were surprised to find that in the fascial 
plane lateral to the rectus muscle the distance 
from skin to peritoneum was less than the 
length of the needle in most boys and in a few 
girls. Although this fascial plane is only 2 mm 
wide it runs along the whole length of the rectus 
muscle, and its position makes it a relatively 
popular area for injection. It is therefore poss- 
ible that insulin is occasionally given into the 
peritoneal cavity instead of the subcutaneous 
fat. We presume that absorption from the peri- 


toneal cavity is faster than from subcutaneous. 


tissues, and intraperitoneal insulin would have 
the theoretical advantage of presumably being 
absorbed into the portal circulation. 

To compare absorption rates of subcutaneous 
and intramuscular insulin we have confined our 
review of publications to those studies that were 
controlled for depth of injection by direct mea- 
surement of subcutaneous tissue. One study 
showed a 50% higher rate of absorption of solu- 
ble insulin from an injection into a superficial 
thigh muscle compared with injection into a 


Subcutaneous site, but no such difference was 


found with injections into these two types of tis- 
sue in the abdominal wall.* Another study com- 
pared rates of absorption of soluble insulin from 
subcutaneous, superficial, and deep intramus- 
cular sites, and even superficial intramuscular 
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injections resulted in more rapid absorption of 
insulin than subcutaneous injections.? In con- 
trast, rates of absorption of soluble insulin from 


superficial and deep subcutaneous fat were 


similar.” 

Vaag et al examined the metabolic consequ- 
ences of intramuscular compared with subcuta- 
neously administered insulin.® They found 
that insulin given intramuscularly before meals 
resulted in a more physiological profile of 
plasma-free insulin and a more stable blood glu- 
cose profile than subcutaneous administration. 
They also found pronounced differences in 
intramuscular absorption rates during rest and 
light physical activity, however, which were not 
evident after subcutaneous administration. This 
seems to be a serious disadvantage which should 
deter us, perhaps, from recommending the 
intramuscular route. 

As a result of the present study and the 
review of publications, we plan to alter our 
recommendations for insulin injection in chil- 
dren. We suggest that insulin should be injected 
either at an angle of 45° into the apex of a 
skinfold,’° or alternatively that it should be 
injected perpendicularly into the down slope of 
the skinfold. Furthermore, to try to ensure an 
adequate basal insulin supply overnight, we 
advise using the buttocks or thighs for the even- 
ing injection because absorption of insulin from 
these sites is slower than from the abdomen or 
arm.'! 1? At other times we suggest using a 
single anatomical region for injections to reduce 
day to day variation in absorption of insulin.’ 
Lastly, we suggest that the calf is not a good site 
for injection in children because there is insuffi- 
cient subcutaneous fat, and because we often 
had difficulty in raising a suitable skinfold over 
the calf when examining the children. 
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Cytomegalovirus ileitis presenting as massive rectal 


bleeding in infancy 


Boniface Kawimbe, Chris Bem, Prahlad Shripad Patil, Hoshang Bharucha 


Abstract 

Two Zambian infants presented with massive 
rectal bleeding caused by cytomegalovirus 
ileitis. The first was seropositive for HIV and 
the second seronegative, though her mother 
was seropositive. Both infants died. 


Clinical infection with cytomegalovirus is 
uncommon in the general population, though it 
is often found in association with HIV 
infection.' We report two cases of cytomegalo- 
virus enteritis that presented to the paediatric 
surgical department at the University Teaching 
Hospital, Lusaka, Zambia, during 1989, 


Case reports 

CASE | 

A 3 month old boy presented with a one day hıs- 
tory of bloody diarrhoea. He had previously 
been in good health. On examination he was 
pale with a tachycardia of 152 beats/minute. 
The abdomen was soft and non-tender with 
hyperactive bowel sounds. There was a large 
quantity of blood clots on the nappy. Rectal 
examination confirmed the presence of blood. A 
provisional diagnosis of typhoid fever was made 
and in view of the life threatening haemorrhage 
laparotomy was done as soon as he had been 
resuscitated. The colon and terminal ileum were 
loaded with blood and the entire small bowel 





were filled with blood and there were plaque- 
like lesions similar to those in case |, but not as 
florid. A 30 cm length of terminal ileum was 
resected, with ileoileal anastomosis. The infant 
died two hours after laparotomy of hypovolaemic 
shock. She was seronegative for HIV, though 
her mother was seropositive (Wellcozyme 
recombinant). 

In both cases permission for necropsy was 
refused. The surgical specimens showed round, 


oval transverse ulcers 0:5 to 1 cm in diameter 


and at different stages of evolution. Histopatho- 
logical features included focal transmural 
inflammation rich in mononuclear cells. 
Fibroblasts and endothelial cells contained eosi- 
nophilic inclusions characteristic of cytomegalo- 
virus infection. Gram, Ziehl-Neelsen, periodic 
acid Schiff, and Grocott-Gomori stains showed 
no abnormalities. Immunoperoxidase staining 
by the avidin biotin complex method (DAKO) 
confirmed the presence of cytomegalovirus. 
The primary antiserum used was a monoclonal 
anticytomegalovirus (DAKO-M757) at a dilu- 
tion of 1:50 pretreated with trypsin. 





Discussion 

Cytomegalovirus is normally a common sub- 
clinical infection acquired at any time from 
intrauterine to late adult life. Clinical infection 
has become important as a sign of compromise 
of the immune system by HIV infection. ' 





was covered in transmural plaque-like lesions, 


the heaviest concentration being in the terminal 


ileum._The_terminal 20 cm of ileum were —_bodies_are_found_in_biopsy_material;_immuno- 
histological-stainingincreases-the-sensitivity of —— 


resected and intestinal continuity restored by 
ileocaecal anastomosis. When the resected 
bowel was opened the plaque-like lesions were 
seen to be ulcerations of varying depth. Post- 
operatively the infant developed a coagulopathy 
and wound infection, and (on the tenth day) 
peritonitis. At the second laparotomy multiple 
perforations in the remaining part of the small 
intestine were found and he died a few hours 
later. The child was seropositive for HIV (Well- 
cozyme recombinant). 


CASE 2 

A 6 month old previously healthy girl presented 
with a three day history of coughing, vomiting, 
and bloody diarrhoea. On examination she was 
pale and had a tachycardia of 124 beats/minute. 
Her chest was normal. The abdomen was soft 
and non-tender with normal bowel sounds. 
Blood was found on rectal examination, and a 
provisional diagnosis of intussusception made. 
At laparotomy the terminal ileum and colon 





The diagnosis-of clinical infection can confi- 
dently be made if the characteristic inclusion 





histological examination.” The presence of cyto- 
megalic inclusion bodies at the sites of ulcera- 
tion and inflammation in the cases reported sug- 
gests strongly that cytomegalovirus was the 
pathogen directly responsible for causing the 
devastating clinical ileitis, though it has recently 
been postulated that in the presence of HIV 
infection cytomegalovirus may have only a 
secondary pathogenic role.* 

There is no conclusive proof that the two 
patients were infected with HIV. Testing for 
HIV infection in infants by antibody detection 
lacks the specificity and sensitivity that it has in 
adults because of the presence of maternal 
antibodies.* Technically advanced methods for 
detecting the HIV antigen in the infants were 
not available, but such a remarkable presenta- 
tion of an infection associated with HIV, the 
background prevalence of HIV infection in 
mothers delivering at the University Teaching 
Hospital, Lusaka,” and the positive Wellcozyme 
test in one infant and in the mother of the other, 


suggests that both children were immunocom- 
promised despite their previously apparent 
good health. 

Occasional reports of cytomegalovirus-infec- 
tion in immunocompromised children have 
been reported from elsewhere, including, one 
other case of life threatening gastrointestinal 
haemorrhage.° The cases reported here empha- 
sise that particularly where there is the 
likelihood of HIV infection, cytomegalovirus 
enteritis must be considered in an infant pre- 
senting with rectal bleeding. It is unlikely that a 
definitive preoperative diagnosis will often be 
made, though a less acute presentation may per- 
mit time for mucosal biopsy.* Retinoscopy may 
help if coexisting cytomegalovirus chorioretini- 


tis is present. At laparotomy the presence of 


widespread ulcerative lesions should alert the 
surgeon to the possibility of the diagnosis. 


In both cases the clinical problem was one of 


exsanguinating haemorrhage, and at laparotomy 
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excised. In the first case the haemorrhage con- 
tinued, and though the infant survived the ini- 
tial operation he died of perforation of the 


remaining lesions, which indicated the progres- 


sive nature of the disease. If arteriography 1s 
available it could be used to localise the site of 
bleeding, thereby permitting the correct opera- 
tion to be done and antiviral treatment to be 
given to control the infection. 
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Scalp tumours mimicking encephaloceles 





PB 


F igure2 Case 2, aged 2 days. 


The baby was delivered at term by caesarean 
section because his mother had undergone a 
previous section for cephalopelvic dispropor- 
tion. At birth a solid, skin covered, lesion 5 cm 
in diameter was noted in the parietal region, it 
did not transilluminate. The anterior fontanelle 
was normal (fig 2). 

Ultrasound examination showed a uniformly 
dense lesion with no intracranial extension and 
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normal cerebral ventricles. At operation the 
tumour was easily excised, and histological 
examination showed dermatofibroma. There 
was no evidence of recurrence of the tumour 
five years later. 


Discussion 
Subcutaneous tumours commonly present at 
birth and in infancy.’ 7 In a survey of 120 con- 
genital tumours, only two were solitary scalp 
tumours, one a ‘fibroma’, and the other a rhab- 
domyosarcoma. The two tumours reported here 
can probably be included in Enzinger’s group of 
‘fibrous harmatoma of infancy’, in which he 
reported a definite prevalence among boys.’ 
These tumours-can-develop-during-infaney--or 
be present at birth. It is likely that the lesion in 
our second case developed after the 16th week 
of gestation, which would suggest that the ini- 
tial a fetoprotein result was unimportant. 
Encephaloceles arise as a result of failure of 
normal development of the neural tube, and so 
they lie in, or immediately adjacent to, the 
midline.* In both our patients the diagnosis of 
encephalocele was considered because of the 
proximity of the tumours to the midline. 
Tumours that are separate from the midline are 
unlikely to be encephaloceles. A further differ- 
entiating feature is that, in contrast to our 





second case, there is usually no hair over an 


encephalocele= 

The use of ultrasonography in case 2 pro- 
vided a simple method of showing that the 
lesion was entirely extracranial; this is consis- 
tent with the experience of others who have 
investigated extracranial masses.“ 


I Kauffman SI, Stout AP. Congenital mesenchymal tumours. 
Cancer 1965;18:460—76. 
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congenital extracranial masses by waterbath ultrasono- 
graphy. Pediatric Neurology 1985;1:117-9. 
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Epidemiology of hypochromic anaemia in 


young children 


David Stevens 


Evidence that iron deficiency affects the 
developmental progress and growth of young 
children! * has drawn attention to the import- 
ance of treating children who are iron deficient, 
even when anaemia is mild, and has given a new 
impetus to study the prevalence of iron defi- 
ciency in this age group. However, there are a 
number of reasons why it is difficult to obtain 
accurate estimates of the prevalence of iron defi- 
ciency anaemia in young children. Studies of 
the epidemiology of childhood anaemia are 
hampered by the problem of the definition of 
anaemia, by an understandable reluctance to 
take blood tests from apparently healthy chil- 
dren, and by the difficulty in assessing the con- 
tribution of the three commonest causes of 
anaemia: iron deficiency, genetic factors, and 
infection. Serum ferritin estimations are a much 
better test of iron status than transferrin satura- 
tion, reflect body stores of iron,” can be 
performed on small amounts of blood, and are 
useful in clinical practice and in epidemiological 
studies. However serum ferritin and other tests 
of iron deficiency such as free erythrocyte pro- 
toporphyrin and transferrin saturation do not 
have well defined cut off values that exclude 
iron deficiency anaemia in young children,* and 
all these tests can show misleading results in the 
presence of infection. € A serum ferritin con- 
centration below 10 ug/l is good evidence of iron 
deficiency,’ but some young children with 
serum ferritin concentrations up to 30 ug/l show 
a rise of haemoglobin in response to iron 
therapy. Similar problems occur with other 
laboratory tests of iron deficiency.* 

A therapeutic trial of iron is the only comple- 
tely reliable way of excluding iron deficiency 
anaemia and although this is relatively easy in 
clinical practice, it presents major problems in 
epidemiological studies. Genetic anaemias can 
be difficult to exclude because a thalassaemia 
can only be reliably diagnosed by modern DNA 
techniques® and the anaemia of infection has to 
be diagnosed by indirect methods. Finally, in 
some children all three factors may be present 
and contribute to the pathogenesis of anaemia. 

A report from the World Health Organisation 
(WHO),? using their own reference standards, '° 
estimates that 12% of children under 5 years of 
age in the developed world and 51% in the 
developing world are anaemic. How common is 
anaemia in young children in Britain and is iron 
deficiency mainly responsible? The WHO 
define anaemia in this age group as a haemoglo- 
bin concentration below 110 g/l,!® which is 


approximately 2SD below the mean for iron 
replete white children of this age group.'' The 
reference range is therefore suitable for a 
healthy iron replete population with a very low 
frequency of genetic anaemia. It is important to 
recognise that some children with iron 
deficiency anaemia have haemoglobin concen- 
trations above 110 g/l’? and show a rise of 
haemoglobin with iron therapy to achieve their 
optimal haemoglobin and that some children 
with concentrations below 110 g/l are healthy 
and have no pathological cause for a low 
haemoglobin level. Despite these reservations 
the WHO definition is a good starting point to 
examine the prevalence and cause of anaemia in 
this group in Britain. 


Iron deficiency 

The prevalence of iron deficiency anaemia has 
decreased appreciably in young British children 
since Helen McKay’s classic studies in central 


` London in the 1920s.!? Very few of the infants 


between 2 and 17 months of age in her study 
achieved a haemoglobin concentration of 110 g/l 
without iron supplements. This contrasts with 
1971, when Burman reported that during the 
first two years of life the mean haemoglobin of 
Bristol infants who were not given iron supple- 
ments was similar to that of infants who were 
given iron in Mackay’s study.!* However iron 
deficiency anaemia remains common in inner 
city areas (table 1) where in one study Aukett et 
al found that 27% of Asian and 18% of Euro- 
pean children had haemoglobin concentrations 
below 110 g/l.? Serum ferritin estimations and 
response to iron therapy showed that most of 
this anaemia was due to iron deficiency. 
Grindulis et al also found that anaemia was com- 
mon in young Asian children and that 90% of 
those with haemoglobin concentrations below 
100 g/l had serum ferritin below 7 ug/1.!° Earley 
et al found that anaemia was commoner in Asian 
than European children but, surprisingly, low 
serum ferritin concentrations were commoner 
in the latter (personal communication). 
However, serum ferritin proved to be an unreli- 
able test of iron deficiency in this study. 
Burman’s study!* contained many middle class 
infants but recent studies including more 
affluent groups are scanty. Wright et al found 
that there was no significant difference in the 
proportion of affluent and deprived infants with 
haemoglobin concentrations below 110 g/l and 
remarked that the red cell indices were only 
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Table I Surveys of anaemia in young children 


Author Location Age 
of study (months) 

Ehrhardt” Bradford 6-48 
Grindulis et al'® Birmingham 21-23 
Aukett et al? Birmingham 17-19 
Earley er al” London 6-72 
Milis‘* London 8-24 
Marder et al Nottingham 15-24 
Wright et al? Newcastle 9.15 
James et aß! Bristol 12-48 
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Ethnic group Anaemic* Low serum 

(%) ° ferritin (%) 
European 12 287 
Asian 28 457 
Asian 31 57+ 
European 18 
Asian 27 } 475 
European 10 354 
Asian 27 137 
European 17 
Asian 26 nk] 
Predominantly 

Caribbean 18 } 

European 16 
Asian 26 nk|| 
Caribbean 20 
‘Affluent’ 11 
‘Deprived’ 16 } nk| 
European . 4% ae 
Caribbean Ri es 
Indian 174 on. 
Vieinamese 20€ of estimations 


*Haemoglobin concentration <110 g/l (exceptions indicated by f) 
+Percentage of total sample with serum ferritin concentration <10 pg/l; tserum ferritin concentration <7 g/l. 
Ne Be of anaemic children with serum ferritin concentration <7 g/l. 


No biochemical tests of iron deficiency performed. 
(Haemoglobin concentration <105 g/l. 


typical of iron deficiency anaemia in 3%.”° The 
evidence suggests, however, that the prevalence 
of iron deficiency anaemia in young British chil- 
dren varies greatly according to social circum- 
stances and nutritional habits but is unlikely to 
be less than 2-3% in any group and has been 
shown to be approaching 30% in the most 
disadvantaged. 

The possibility of coeliac disease and occult 
blood loss must be considered in children with 
iron deficiency anaemia, particularly if the 
anaemia is recurrent, but the great majority of 
cases of iron deficiency anaemia in young chil- 
dren are due to a failure of nutritional iron to 
keep up with the demands of growth. Normal 
birthweight infants are born with sufficient 
body iron, mainly in the form of haemoglobin, 
to keep up with the demands of growth irres- 
pective of their nutritional intake until about 
4-6 months of age.” Low birthweight infants, 
however, are at risk of developing iron defi- 
ciency anaemia by 2 months of age if they are 
not given iron supplements.?* After 4 to 6 
months of age a number of nutritional factors 
may predispose the infant to developing iron 
deficiency.’ Delayed introduction of solid feeds, 
feeds of low iron content or with poorly avail- 
able iron, or feeds which inhibit iron ab- 
sorption,’ and ingestion of unmodified cows’ 
milk?* 2° may all contribute. However, the rela- 
tive importance of these factors in the pathoge- 
nesis of iron deficiency in young British chil- 
dren is not known. 


Infection 

Common infections such as otitis media and 
upper respiratory tract infection can depress 
haemoglobin concentrations in young child- 
ren.” 7° Even the mild infection produced 
by the attenuated measles vaccine can reduce 
haemoglobin in children.?’ As iron deficiency 
becomes less common in affluent societies infec- 
tion will probably account for an increasing 
proportion of cases of mild anaemia in young 
children.? 7° Repeated infections increase the 


severity of the anaemia and low haemoglobin 
concentrations can persist for one month after 
infections even in children who subsequently 
show no signs of illness.° In paediatric practice, 
persistent or repeated infections are a common 
reason why young children have a haemoglobin 
measured and are at the same time probably a 
much commoner cause of anaemia than was pre- 
viously recognised. 


Genetic factors 

Sickle cell anaemia, thalassaemia, and glucose- 
6-phosphate dehydrogenase deficiency are all 
important causes of anaemia in racial groups 
originating from malarial areas and are therefore 
important in children of many of the ethnic 
minorities in Britain. Haemoglobin E is very 
common in some parts of South East Asia and 
also occurs in India.7* Heterozygotes have 
normal haemoglobin concentrations with some 
microcytosis and hypochromia and homozy- 
gotes are not usually anaemic but the condition 
may interact with ß thalassaemia to cause severe 
anaemia.”® Mild forms of thalassaemia such as ß 
thalassaemia trait and mild forms of a thalas- 
saemia can both cause a hypochromic micro- 
cytic anaemia, are very common in some racial 
groups, and can easily be confused with iron 
deficiency anaemia. Heterozygotes for ß thalas- 
saemia have a mild asymptomatic hypochromic 
anaemia, the severity of which probably 
depends mainly on whether the affected person 
inherits the B° or B+ type of B thalassaemia.” 
In a study of young children aged 1~3 years, 
heterozygous for B thalassaemia of unspecified 
type, 90% had haemoglobin concentrations 
between 90 and 106 g/l. The proportion of 
carriers in different ethnic groups is difficult to 
determine from published work because the 
populations studied are in many cases small, 
there may be great variation within ethnic 
groups, and the diagnostic criteria also vary. 
The results of some studies are shown in table 2 
but should not be regarded as comprehensive. 
The Indian subcontinent is genetically ex- 
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. different tribes, castes, and religious groups. 


Table 2 Distribution of thalassaemia in some ethnic 
groups*® 28 37-39 


Ethnic group B Thalassaemia a Thalassaemia 
(carriers}* (frequency of ~a) 

Afro-Caribbean 0°8% 0-18 

Indian <1-—-20% 0°05~-0°9 

Mediterranean <1-~20% 0:04-0:18 

*See text. 


tremely heterogeneous and even within rela-. 


tively small geographical areas the frequency of 
haemoglobinopathies can vary widely between 

a Thalassaemia results from reduction of a 
globin synthesis, either from a deletion of one or 
more of the four genes (aa/aa) which are 
responsible for a globin production, or as a 
result of ‘non-deletional’ abnormalities, which 
through a variety of mechanisms reduce a glo- 
bin synthesis without gene deletion.*? Severe 
forms of a thalassaemia, such as the double 
gene deletion variety (--/) and severe non- 
deletional forms are uncommon in the main 
ethnic minorities in Britain, which explains why 
the clinically significant forms of a thalas- 
saemia, Bart’s hydrops and haemoglobin H dis- 
ease, are rarely seen. However the single a gene 
defect (—a) is common in many parts of the 
world which have provided immigrants to Brit- 
ish including the Caribbean, South East Asia, 
the Middle East, Indian subcontinent, and 


some Mediterranean countries.” Table 2 shows . 


the frequency of the single a gene defect (~a) 
in some ethnic groups. The frequency is extre- 
mely high in many of these groups resulting in 
very high percentages of the population having 
the defect. For example, from a frequency of 
0-18 in Afro-Caribbeans it can be estimated that 
33% have the defect (heterozygotes and 
homozygotes). At the present time accurate esti- 
mates of the frequency of a thalassaemia, based 
on DNA studies, are not yet available for the 
main immigrant groups from the Indian sub- 
continent. 

Is a thalassaemia a common cause of hypo- 
chromic anaemia in children in the ethnic 
minorities in Britain? Although DNA studies 
indicate that the single a gene defect is likely to 
be present in thousands of children in the ethnic 
minorities, the effect on the overall prevalence 
of hypochromic anaemia may be quite limited. 
The single a gene defect is a very mild disorder. 
Homozygotes have a mild hypochromic 
anaemia and many of the heterozygotes have 
normal red cell indices.” >* Young Jamaican 
children, heterozygous for the single a gene 
defect, were found to have lower mean haemo- 
globin, mean corpuscular volume, and mean 
corpuscular haemoglobin than normal children 
but there was considerable overlap with normal 
children.” Epidemiological studies using 
modern DNA techniques have provided evi- 
dence that a thalassaemia of the single a gene 
defect type is a common cause of hypochromic 
anaemia in the Pacific islands of Vanuatu.” It 
may be responsible for much of the mild 
hypochromic anaemia previously thought to be 
due to iron deficiency in Bedouin infants in 
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Saudi Arabia,” and is an important cause of 
microcytosis in Gujerati children in London.” 
In the latter study suspected iron deficiency was 
confirmed by therapeutic trial of iron,” but in 
the others the less reliable method of serum 
ferritin estimations was used.” 7” The effect of 
iron deficiency may therefore have been under- 
estimated. In clinical practice the single a gene 
form of a thalassaemia is probably an important 
cause of mild hypochromic anaemia and 
microcytosis persisting after iron therapy in 
children from the ethnic minorities. 


Conclusion 

It is clear that many young British children have 
haemoglobin concentrations which are low by 
WHO reference standards. Although other 
causes of hypochromic anaemia such as lead 
poisoning and renal failure are important to 
exclude if clinically indicated, iron deficiency, 
infection, and thalassaemia?® are responsible for 
the vast majority of cases of mild anaemia 
(haemoglobin 100-110 g/l) in young children. 
All three types of anaemia can result in a 
hypochromic blood picture, although infection 
is more often associated with normochromic red 
cells. Iron deficiency, a preventable nutritional 
disorder, is still common in disadvantaged 
groups but the overall prevalence is unknown. 
Young Asian children living in inner city areas 
have the highest risk of developing iron defi- 
clency anaemia but no ethnic group or social 
class is immune from this disorder. Dietary 
campaigns®® >? have had success’ in preventing 
iron deficiency but more studies are needed to , 
find out the best way to improve the diet of 
young children in order to prevent this condi- 
tion, which is probably more harmful than we 
previously realised. 

In clinical practice it is important to treat iron 
deficiency anaemia in young children. Clinical 
history, including that of recent infections, a 
few questions about the diet, and examination 
of the child and his blood film and/or red cell 
indices often leads to the correct diagnosis, but 
if there is any doubt a therapeutic trial of iron 
should be given and accompanied by dietary 
advice. This is very unlikely to cause harm even 
if the anaemia is due to a recent infection or tha- 
lassaemia trait. It is probably best to investigate 
for thalassaemia trait after iron deficiency has 
been corrected. Children whose haemoglobin 
concentration and red cell indices do not return 
to normal after a course of iron require investi- 
gation. Poor compliance, a persisting cause of 
iron deficiency, and other causes of anaemia 
should be considered. Children from the ethnic 
minorities who do not fully respond to iron 
should have haemoglobin electrophoresis per- 
formed, including haemoglobin (HbA,) estima- 
tion to diagnose heterozygous ß thalassaemia. If 
this is excluded and the child does not have any 
other cause of anaemia, and the serum ferritin 
concentration is normal, the most likely cause of 
mild persistent hypochromic anaemia and mic- 
rocytosis is a mild form of o thalassaemia. Pro- 
longed or repeated courses of iron should be 
avoided if the anaemia is due to thalassaemia. 


~A 


u. Y 
2 4 
ka 


Epidemiology of hypochromic anaemia in young children 


I thank Dr D R Higgs and Professor B A Wharton for reading 
through this manuscript and making helpful suggestions. 


l Oski FA, Honig AS, Heim B, Howanitz P. Effect of iron 
therapy on behaviour ` “performance in nonanemic iron 
deficient infants. Pediatrics 1983571:877-80. 

2 Aukett MA, Parks YA, Scott PH, Wharton BA. Treatment 
with iron increases weight gain and psychomotor develop- 
ment. Arch Dis Child 1986;61:849-59. 

3 Jacobs A, Miller F, Wormwood M, Beamish MR, Waldrop 
CA. Ferritin in ‘normal subjects and patients ‘with iron 
deficiency and iron overload. BMF 1972;iv:206-8. 

4 Dallman PR, Reeves JD, Driggers DA, Lo EYT. Diagnosis 
of iron deficiency: the limitations of laboratory tests in 
predicting response to treatment in year-old infants. 
J Pediatr 1981;98:376-81. 

5 Jansson LT, Kling S, Dallman PR. Anemia in children with 
acute infections seen in a primary care pediatric outpatient 
clinic. Pediatr Infect Dis 1986;5:424-7. 

6 Elin RJ, Wolff SM, Finch CA. Effect of fever on serum iron 
and ferritin concentrates in man. Blood 1977;49:147-53. 

7 Oski FA, Stockman JA. Anemia due to inadequate iron 
sources or poor iron utilisation. Pediatr Clin North Am 
1980327 :237-52. 

8 Weatherall DJ, Clegg JB. The thalassaemia syndromes. 3rd Ed. 
Oxford: Blackwell, 1981. 

9 De Maeyer E, Adiels-Tegman M. The prevalence of anaemia 
in the world. World Health Stat Q 1985;38:302-16. 

10 World Health Organisation. Nutritional anaemias. WHO 
Tech Rep Ser 1972;No 503. 

11 Dallman PR, Siimes MA. Percentile curves for hemoglobin 
and red cell ace in infancy and childhood. 7 Pedtatr 
1979;94:26- 

12 Driggers DA, ne JD, Lo EYT, Dallman PR. Iron defi- 
ciency in one-year-old infants: comparison of results of a 
therapeutic trial in infants with anemia or low-normal 
hemoglobin. 7 Pediatr 1981;98:753-8. 

13 MacKay HM. Anaemia in infancy: its prevalence and pre- 
vention. Arch Dis Child 1928;3:117-47. 

14 Burman D. Haemoglobin levels in normal infants aged 3 to 24 
ae and the effect of iron. Arch Dis Child 1972;47: 

15 Ehrhardt F. Iron deficiency in young Bradford children from 
different ethnic groups. BMF 1986;292:90--3. 

16 Grindulis H, Scott PH, Belton NR, Wharton BA. Combined 
deficiency of iron and vitamin D in Asian toddlers. Arch Dis 
Child 1986;61:843-8. 

17 Earley A, Valman HB, Altman DG, Pippard MJ. Micro- 
cytosis, iron deficiency, and thalassaemia in preschool 
children. Arch Dis Child 1990;65:6104. 

18 Mills AF. Surveillance for anaemia: risk factors in patterns of 
milk intake. Arch Dis Child 1990;65:428~31. 

19 Marder A, Nicoll A, Polnay L, Shulman CE. Discovering 
ve at child health clinics. Arch Dis Child 1990;65: 


8 
20 Wright CM, Reading RF, Halse PC, Watson JG. Iron 
deficiency in adolescents. BMF 1989; 298:1035-6. 


889 


21 james J, Evans J, Male P, Pallister C, Hendrikz JK, Oakhill 
A. Iron deficiency in inner city pre-school children: 
development of a general a Scene programme. 

J R Coli Gen Pract 1988;38:250- 

22 Oski FA. Food for the red cell. In: Wharton BA, ed. Nutri- 
tion in childhood. Topics in paediatrics 2. Royal College of 
Physicians of London: Pitman Medical, 1980:132-50. 

23 Lundstrom U, Siimes MA, Dallman PR. At what age does 
iron supplementation become necessary in low birth weight 
infants? 7 Pediatr 1977;91:878-83. 

24 Tunnessen WW, Oski FA. Consequences of starting whole 
cow milk at 6 months of age. 7 Pediatr 1987;111:813-6. 

25. Zeigler EE, Fomon SJ, Nelson SE, et ai. Cow milk feeding in 
infancy: further observations on blood loss from the 
gastrointestinal tract. F Pediatr 1990;116:11-8. 

26 Dallman PR. Changing characteristics of childhood anemia. 
7 Pediatr 1989;114:161-4. 

27 Olivares M, Walter T, Osorio M, Chahud P, Schleshinger L. 
Anemia of mild viral infection: the measles vaccine as a 
model. Pediatrics 1990;84:851-8. 

28 Dacie JV. The haemolytic anaemias. Vol 1. The hereditary 
haemolytic anaemias. Part 2. 3rd Ed. London: Churchill 
Livingstone, 1988. 

29 Millard DP, Mason K, Serjeant BE, Serjeant GR. Compari- 
son of ‘haematological features of the p° and ß* thalassaemia 
traits in Jamaican negroes. Br 7 Haematol 1977;36:161-70. 

30 Berman BW, Ritchey AK, Jekel JF, Schwartz AD, Guilliotis 
DK, Pearson HA. Hematology of B- -thalassaemia trait—age 
related developmental aspects and intrafamilial correla- 
tions. 7 Pediatr 1980;97:901—S. 

31 Serjeant GR, Serjeant BE, Forbes M, Hayes RJ, Higgs DR, 
Lehmann H. Haemoglobin gene frequencies in the 
Jamaican population: a study of 100,000 newborns. Br 
J Haematol 1986;64:253-62. 

32 Brittenham GM. The geographic and ethnographic distribu- 
tion of hemoglobinopathies in India. In: Bowman JE, ed. 
Distribution and evolution of hemoglobin and globin lect. 
Amsterdam: Elsevier Publishing Co, 1983:171-8. 

33 Higgs DR, Vickers MA, Wilkie AOM, Pretorius IM, Jarman 
AP, Weatherall DJ. A review of the molecular genetics of 
the human a-globin gene cluster. Blood 1988;73:1081-104. 

34 Higgs DR, Weatherall DJ. Alpha-thalassaemia. Current 
Topics in Hematology 1983;4:37-97. 

35 Maude GH, Higgs DR, Beckford M, et al. Alpha thalassae- 
mia and the haematology of normal Jamaican children. Clin 
Lab Haematol 1985;7:289-95. 

36 Bowden DK, Hill AVS, Higgs DR, Weatherall DJ, Clegg JB. 
Relative roles of genetic factors, dietary deficiency, and 
infection in anaemia in Vanuatu, South West Pacific. 
Lancet 1985;i:1025-8. 

37 Stevens DW, Wainscoat JS, Ketley N, Timms P, Ayoub D, 
Shah R. The pathogenesis of hypochromic anaemia in 
Saudi infants. 7 Trop Pediatr 1989;35:301—5. 

38 Miller V, Swaney S, Deinard A. Impact of the WIC program 
on the iron status of infants. Pediatrics 19853;75:100-5. 

39 James J, Lawson P, Male P, Oakhill A. Preventing iron 
deficiency in preschool children by implementing an educa- 
tional and screening programme in an inner city practice. 
BMJ 1989;299:838-40. 


890 


Department of 
Child Health, 
University of Wales 
College of Medicine, 
Liandough Hospital, 
Penarth, 

South Glamorgan 
CF6 1XX 


Correspondence to: 
Dr Sibert. 


Archives of Disease in Childhood 1991; 66: 890-893 


Accidents to children: the doctor’s role. 
Education or environmental change? 


J R Sibert 


Accidents are the most common cause of death 
in children in Britain. Six hundred and eighty 
eight children died in England and Wales in 
1987.! They also cause significant handicap and 
suffering to children. Less serious accidents are 
very common in childhood with one fifth of the 
child population attending the accident and 
emergency department in a year.* The preven- 
tion of accidents to children is therefore being 
increasingly recognised as an important public 
health problem.” Doctors who treat children 
and see the effects of their accidents are in a uni- 
que position in society not only to diagnose 
child abuse but also to alert the community of 
the problem of childhood accidents and to take 
action to prevent accidents. What is more diffi- 
cult is how this is to be achieved. 


Education or environment? 
It is very tempting to think that all is needed is 
to alert the public to the dangers of accidents to 
children by education campaigns. The evidence 
that these are effective is unconvincing. A prog- 
ramme directed at the parents of children to 
prevent home accidents (the Rockland County 
study) made no difference in accident rates 
between control and target families.* There was 
little evidence that the ‘play it safe television 
programmes’ made any impact on accident rates 
in children.” An education campaign with 
posters and literature in Cardiff only sensitised 
the population to trivial accidents.° Education 
campaigns may be ineffective because psycho- 
social stress is involved in the aetiology of many 
childhood accidents and parents are unlikely to 
remember safety propaganda at these times. 
Stress has been found to be related to road 
traffic accidents,’ accidental childhood poison- 
ing in children,? and to accidents as a whole.” 
It is also tempting to look on accidents to chil- 
dren as a whole and think of general solutions to 
the problem. All the evidence points to the fact 
that accidents to children have been prevented 
by looking at an individual type of accident, 
looking at the detailed epidemiology of that 
accident, and evaluating a solution before its 
widespread introduction. In almost all the cases 
where accident prevention solutions have been 
shown to be effective those solutions have been 
ones that involve environmental change. Exam- 
ples of environmental solutions that have been 
successful in preventing accidents to children 
include flame proofing nightdresses, fencing 
private swimming pools, car safety seats, smoke 


alarms, and child resistant containers in pre- 
venting accidental child poisoning. 


Preventing accidental child poisoning 
Accidental child poisoning is also an example 
where a single accident problem has been 
looked at in a methodological way and has been 
prevented by an environmental solution. The 
epidemiology has been studied and it has been 
found that pyschosocial stress is important in its 
aetiology.® '° Education campaigns have been 
evaluated and found to be ineffective.!! !? The 
environmental solution of child resistant con- 
tainers was first suggested in 1959 by Dr Jay 
Arena in Durham, North Carolina.” These 
containers were evaluated in a community in the 
United States by Scherz where poisoning cases 
were reduced from 147 to 17 cases per year by 
the use of child resistant closures. After this 
success they were introduced for aspirin prepa- 
rations and reduced poisoning episodes by 
approximately 50% in the United States’? and 
75% in Britain.'® 


What can doctors and other health care 
professionals do? 

Although education campaigns may not be 
effective there is much that can be done to pre- 
vent accidents to children. In a study in New- 
castle, Colver and his colleagues found that 
health visitors visiting the home giving specific 
attention to accident prevention can make dif- 
ferences in the way that families behave, in par- 
ticular with regard to the installation of safety 
equipment.!’ The introduction of a child sur- 
veillance programme by general practitioners 
and health visitors!® provides an ideal oppor- 


. tunity to make the home and the child’s 


surroundings safer by environmental change. 
Doctors see the effects of accidents and have a 
unique role in influencing the community on 
child safety. They cannot act alone in accident 
prevention and many other professionals such 
as architects, traffic engineers, and fire safety 
officers need to be involved as well as health 
professionals. On a national basis the Child 
Accident Prevention Trust has brought these 
disciplines together. Locally child accident 
committees have been shown to be effective in 
preventing accidents by a coordinated multidis- 
ciplinary approach.'? Doctors, in particular the 
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consultant paediatrician (community child 
health), should play their part in the formation 
of these committees. 


Solutions for preventing individual accidents 
to children 

PEDESTRIAN ROAD TRAFFIC ACCIDENTS 

Road traffic accidents remain a major challenge 
in accident prevention in childhood. Boys 
between 5 and 8 years are at maximum risk. 
Children under the age of 8 years are not able to 
estimate the speed or dangers of traffic,”° nor to 
foresee dangerous situations,”! and parents may 
overestimate the ability of their children to 
handle traffic and let them go out on the road 
unsupervised. Sharples and her colleagues 
looked at deaths from head injury in the North- 
ern region and found that 72% of these deaths 
occurred between 3 pm and 9 pm and mostly to 
boys playing after school.” 

Safety and traffic education are therefore not 
likely to prevent road traffic accidents by them- 
selves. Pease and Preston found that kerb drill 
was not perceived by young children to detect 
traffic and was thought sufficient by itself to 
ward off the dangers of the road.” Firth found 
that ‘adequate explanations of exactly what is 
involved in road safety given by very few 
children’.** In Britain it has been suggested that 
the Green Cross Code prevented accidents when 
it was introduced but careful analysis of the 


figures suggests this was not the case.?° 


The most important means of preventing 
these pedestrian road traffic accidents is by 
modification of the environment. This can be 
done by redesigning residential areas to give 
priority to pedestrians and to separate them 
from traffic. The speed of traffic can be reduced 
by speed bumps and safe crossings can be 
provided. Sensitive schemes such as the 
‘Woonerf’,“° an area in which the residential 
function clearly predominates over any provi- 
sions for traffic in the Netherlands, are good 
examples of what can be done. The provision of 
play areas and generally improving the environ- 
ment will reduce the number of children on 
dangerous streets. 


ACCIDENTS TO CHILD PASSENGERS IN CARS 
There is good evidence that seat belts are effec- 
tive in preventing death and serious injury and 
since 1983, when legislation was introduced 
compelling the wearing of seat belts in front 
seats of vehicles, serious injuries have fallen as 
much as 20%. There is good evidence also that 
child restraint systems also prevent injury and 
death. The Transport and Road Research 
Laboratory found that no child died in a two 
year period when in a restraint whereas 264 
non-restrained children were killed in that 
time.??” Scherz found in Washington State USA 
that serious injuries were much less common 
in restrained children than non-restrained 
children.” Encouraging parents to obey the law 
and carry children in cars in approved restraints 
should form part of a child surveillance prog- 
ramme. The concept first ride-safe ride is much 
to be encouraged. 
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BICYCLE ACCIDENTS 
There are factors in bicycle design that are 
important to safety. For example the high rise 


‘bicycle that was introduced into Britain in the 


late 1960s and early 1970s, had features such as 
the centre of gravity behind the back wheel 
when the rider was mounted that made it more 
dangerous than standard models.?” Improve- 
ments in design have now meant that this 
model has been superseded. Parents should be 
encouraged to give thought to the type of bi- 
cycle that they buy for their child and to the 
proper maintenance of chain, gear, and brakes. 
Bicycle training for children also seems sen- 
sible. 

The majority of the severe injuries that chil- 
dren have are those to the head and a boy hasa 
one in 80 chance of having a bicycle head injury 
severe enough for admission to hospital in his 
childhood.*® Cycle helmets are a.logical solution 
to this problem. At present, this type of protec- 
tion is not easily available and is expensive. A 
first step in their more widespread use would be 
to ensure that they are cheap and easy to buy. 
This is being encouraged in some areas at 
present.*! A new British standard is now avail- 
able. 


BURNS AND SCALDS 

The problem of nightdress fires causing horrific 
burns to girls was a major problem in the 
immediate postwar years. The environmental 
solution of fire retardant nightwear and prob- 
ably also the reduction of open fires has reduced 
this problem to a small one. 

On the other hand the majority of deaths 
from burns in children are due to house fires 
and these house fires remain a major problem 
with nearly 100 children dying in England and 
Wales in a year.! These house fires are particu- 
larly common in poorer families and many of 
them are due to the inflammability of uphol- 
stered foam furniture. The change to fire retar- 
dant foam early in 1988 is much to be welcomed 
as a clearly advantageous environmental mea- 
sure but it will take some time for all the dan- 
gerous furniture to be out of homes. 

Education campaigns have been shown to be 
ineffective in influencing behaviour regarding 
fire safety.*” Smoke alarms have been shown to 
be effective in reducing problems from house 
fires? and now should be in every home. 
Encouraging families with children to have 
smoke alarms fitted should be an important part 
of a child surveillance programme. 

Within the home many children scald them- 
selves from kettles. The use of curled flexes to 
prevent flexes hanging over work surfaces so 
that they can easily be pulled by children is a 
simple environmental measure that can prevent 
some scald accidents to children. Similarly 
many children scald themselves from pulling on 
saucepan handles overhanging on cookers. This 
can be prevented by cooker guards or by placing 
other kitchen units beside cookers. 


DROWNING 
Drowning remains a significant problem in 
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childhood with approximately 50 children dying 
each year in England and Wales.’ Research has 
suggested that supervision within public pools 
has reduced deaths in a significant number and 
in 1988 no children died in a public pool in 
Britain.** On the other hand drowning in pri- 
vate pools and garden ponds remains a major 
problem. Research in Australia by Pearn and 
Nixon has suggested that drowning is 10 times 
more common in cities without fencing to pri- 
vate pools by regulation than those that have 
regulations with fencing.” Drowning in the 
bath in very young children remains a problem. 
A child surveillance‘programme should include 
making certain that garden ponds are fenced, 
drained, or have a metal mesh under the sur- 
face, make certain that garden swimming pools 
are fenced, and emphasise the dangers of leav- 
ing young children in a bath unattended. 


PLAYGROUND INJURIES 

The challenge of playground accidents was 
highlighted by Illingworth et al.” There are 
clear design issues which are important.?” Sur- 
faces should be impact absorbing such as bark 
or special rubber tiles and not be hard like con- 
crete. Slides should go down natural slopes and 
not have ladders to climb. Roundabouts should 


not be designed so children’s feet can be trap- - 


ped underneath. Swings should have impact 
absorbing seats and be fenced to prevent chil- 
dren running across them. Climbing frames 
should be built to encourage horizontal not ver- 
tical play. 


GLASS ACCIDENTS 

The problem of glass accidents was highlighted 
by Jackson,*® and significant numbers of chil- 
dren are injured from falling through glass. 
This may result in haemorrhage and nerve dam- 
age. These injuries can be prevented by the use 
of safety glass, which is laminated, or by fitting 
a safety film on existing glass to make it less 
likely to shatter on impact. Safety glass has now 
to be used in doors in new houses because of 
building regulations. Advising on glass within 
the home should be part of a child surveillance 
programme. 


FALLS 
Falls are also the commonest cause of presenta- 
tion to the accident and emergency department?” 
and cause a significant number of deaths in 
childhood.*? They have a varied aetiology. 
Falls can be from one level to another. Chil- 
dren may be dropped, fall from furniture, fall 
down the stairs, fall from toys, and fall from 
windows. Falls downstairs are a particular prob- 
lem for toddlers. Much can be done to prevent 
them by better stair design. Stair gates are valu- 
able, especially for the busy mother in poorly 
designed properties. Their use can be encour- 
aged by the health visitor and should be part of 
a child surveillance programme. Open stairs 
with wide gaps between balustrades may be fine 
aesthetically but dangerous for young children. 
In 1985 building regulations were changed to 


Sibert 


make certain that a 100 mm sphere could not be 
passed through any opening or guarding to a 
flight of stairs. 

The danger of falls from baby walkers has 
been highlighted and they can no longer be 
advised for children’s use.*° Poor window 
catches and design cause a number of accidents, 
particularly in high rise flats. The introduction 
of safe catches or window guards will reduce 
these accidents. Indeed, in New York City a 
programme providing free window guards (‘the 
children can’t fly program’), has been successful 
in preventing window falls in a poor area of 
New York.*! 


Checklist for doctors and health visitors to 

prevent accidents as part of a programme of 

child surveillance 

e Discover particular accident problems in the 
district 

e Establish links with councillors, parents, 
organisations, etc 

è Deal with each accident individually. 


TO PREVENT ROAD TRAFFIC ACCIDENTS 

è Encourage parents of children 8 years old or 
less to take them to school 

è Encourage use of play areas for children 

è Encourage local action in dealing with 
dangerous road situations—particularly near 
schools 

è Encourage use of car safety seats for 
children. Try and make ‘first ride-safe ride’ 

è Encourage the use of bicycle safety helmets 

è Encourage parents to let their children attend 
bicycle riding instruction and to maintain the 
bicycles adequately. 


TO PREVENT BURNS AND SCALDS 

è Encourage disposal of dangerous foam 
furniture 

è Encourage use of smoke alarms 

è Discourage open fires. If they have to be 
used use fireguards 

e Emphasise dangers of hot liquids 

e Place kitchen units on either side of cooker or 
fit cooker guard 

@ Use coiled flex electric kettles 

è Encourage safe use of fireworks. 


TO PREVENT DROWNING 

è Fence private pools. Take care with pool 
cover design. Drain pools in winter 

© Supervise swimming adequately especially to 
"non-municipal public pools, lakes, and rivers 

è Teach children to swim 

è Advise parents regarding dangers of young 
children in baths and in garden ponds 

è Fence, grid, or remove garden ponds 

@ Use life jackets and buoyancy aids for 
children in boats. 


TO PREVENT RECREATIONAL ACCIDENTS 

e Find playgrounds in the district and check 
on design and surfaces. Investigate any 
playground injuries 
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Accidents to children: the doctor’s role. Education or environmental change? 


Influence safe design with local councils 
Be aware of dangers of dogs (as part of health 
visitor’s accident prevention package) 
Keep dogs out of playgrounds 

Supervise sporting activities in children 
Encourage use of head protection for horse 
riding as British standard (BS 6473). 


TO PREVENT ‘ARCHITECTURAL’ ACCIDENTS 

AND FALLS 

@ Check design of stairs for child safety 

è Advise stair gates to families with toddlers in 
house 

e Advise against baby walkers 

@ Check window and balcony design for child 
safety. Advise catches if necessary 

e Advise safety glass or safety film for low level 
glazing. 


TO PREVENT ACCIDENTAL POISONING 

è Encourage use of child resistant containers 
by pharmacists 

è Encourage storage of medicines and house- 
hold products away from children 

è Discourage prescribing of quinine and 
barbiturates, etc. 
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I qualified in 1950 and, before I did my national 
service in the Royal Air Force, I was fortunate 
enough to get an additional year’s experience as 
a rotating house officer at the Queen Elizabeth 
Hospital for Children in Hackney. 

I was appointed medical officer to the RAF 
Medical Training Establishment where newly 
commissioned medical officers (like me, mainly 
national service) were taught how to be RAF 
officers and new airmen recruits were taught to 
be nursing orderlies. My main task was to take 
the early morning sick parade: 7.30 am on 
ordinary mornings; 6°30 am when the command- 
ing officer had his parade. 

Once a week I had to examine each new batch 
of recruits. They had all been examined at least 
twice previously: once before they were called 
up and then again when they arrived at the ini- 
tial training centre at Padgate. Nevertheless, a 
few of them had quite severe disabilities— 
mainly orthopaedic or cardiac—and were 
clearly unfit for service duties. 

As they were going to work as nursing order- 
lies, I also had to give them all a Mantoux test. 
Most were positive, to varying degrees. (The 
most violent reaction was in the son of a thoracic 
surgeon who, it transpired, had watched his 
father at work on many occasions.) Having 


already done two hospital ear, nose, and throat. 
appointments (one adult, one paediatric) I had. 


seen a lot of tonsillectomies—and even tried my 
hand at it, not very successfully! Cervical adeni- 
tis, much of it tuberculous, was not uncommon 
in those days and so, too, was tuberculous 
mesenteric adenitis. I wondered whether the 
Mantoux reaction was in any way related to a 
previous tonsillectomy or appendicectomy. A 
pilot study revealed no obvious connection but 
there did seem to be a connection between the 
frequency of these operations and the recruit’s 
social class—though not between social class 
and the Mantoux reaction. Both operations 
were performed more frequently in recruits who 
came from a higher social background. 

I therefore rewrote my protocol and decided 
to look at the incidence of tonsillectomy and 
appendicectomy. For good measure I added cir- 
cumcision to my data. (As there was no national 
service for women, there were very few female 
nursing orderly recruits.) The RAF were ex- 
tremely cooperative and provided me with sta- 
tistical assistance. My hypothesis was confirmed 
and the editor of the British Medical Journal saw 
fit to publish my paper,’ though he ‘invited’ me 
to change the title from “Three popular opera- 


tions’ to “The incidence of tonsillectomy, cir- 
cumcision and appendicectomy among RAF 
recruits’. 

My time in the RAF coincided with the eva- 
cuation by the British forces from the Suez 
Canal Zone. The wives and children were sent 
on ahead. Those without their own homes in the 
UK were housed in a camp outside Blackpool or 
lodged during the winter in boarding houses in 
the town. In addition to my duties as medical 
officer at the Medical Training Establishment, I 
was posted as medical officer to these families, 
presumably because of my paediatric interest 
and experience. 

My experience with these families taught me 
a lot: dare I say, more than most of my previous 
hospital experience. The mothers were con- 
stantly seeking medical help for their problems, 
yet pathology as I had been taught it was scant. 
More often than not it was a child who was 
brought to me, not the mother; and very often 
the child or a sibling was brought back at fairly 
frequent intervals. 

At first I thought that my, clinical skills had 
failed me, probably because I was usually deal- 
ing only with the presenting symptom— which 
is what we tended to do in those days in primary 
care. I therefore arranged to see the more persis- 
tent attenders at special sessions in order to give 
myself time to carry out a proper hospital type 
assessment. Instead of taking a superficial his- 
tory of the more physical aspects of the prob- 
lem, I probed extensively into the family history 
and its social aspects. I discovered two things: 
the presenting medical problem of the child was 
rarely the mother’s major worry; and secondly, 
at the end of a consultation, many mothers 
thanked me ‘for listening’. Later I read Michael 
Balint’s seminal textbook: The Doctor, His 
Patient and The Illness and, for the first time, 
found in print an answer to the conundrum that 
we call general practice.’ 

My first proper job in general practice was in 
All Saints Road in North Kensington where I 
spent three years as an assistant. In 1957 I got 
an Executive Council vacancy in Shepherds 
Bush-—about a mile south of the Royal Postgra- 
duate Medical School at Hammersmith Hospi- 
tal and half a mile east of Queen Charlotte’s 
Hospital. The previous general practitioner 
(GP) in the practice was age 75+ and terminally 
ill. His wife—an ex-nurse—had been running 
the practice for the previous year or so! Records 
were scanty as were the equipment and facilities 
for clinical examination. Now that I had my 
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own practice, I could organise it in the way I 
believed best to improve the quality of care. I 
had shelves put in a corridor to store records 
and purchased an examination couch. I also 
bought a typewriter and my wife became my 
(unpaid) secretary/receptionist. All hospital let- 
ters were typed so that they were at least legible. 
By keeping a copy of all my letters, I was able to 
compare the outcome with my thoughts when I 
referred the patient: a sort of audit. 

For the first five years in Shepherds Bush I 
lived above the surgery. I introduced a well 
baby clinic, which was held once a week on 
Wednesday mornings. I announced the fact on 
the plate in my front garden. The local BMA 
secretary wrote me a stern warning about adver- 
tising and I had to remove the notice of my 
clinic! 

I met the local London County Council 
divisional medical officer and she offered to 
send one of her health visitors to my weekly 
baby clinic. So began a 16 year relationship with 
the same health visitor. The time she spent in 
my practice steadily increased till she became 
full time. Indeed, as the practice expanded we 
found it necessary to have two health visitors 
attached full time. The practice itself has grown 
from the original list of 1400 which I took over 
in 1957 to. 14 000 patients with seven GP part- 
ners, four of whom had been trainees in the 
practice. In 1967 we moved into the Grove 
Health Centre, which was only the second pur- 
pose built health centre in London. We are now 
in the process of planning a new building, about 
three times the size of the present one. Such is 
progress: though I believe that small can also be 
beautiful. 

In the early years of undergraduate training 
in general practice, almost half the St Mary’s 
Hospital Medical School students came to the 
Grove Health Centre. Among that group were 
two who are now consultants at Hammersmith 
Hospital: one is a neonatologist, the other a 
geriatrician (which must, surely, say something 
for the generality of general practice!). 

For many years I was a GP trainer. Later I 
became the first course organiser at the Royal 
Postgraduate Medical School, with the title of 
‘Senior tutor in general practice’. (The only pri- 
vilege which went with that appointment was 
parking rights in the front of the hospital!) The 
post of course organiser is now filled by one of 
my partners who, himself, had been the first GP 
trainee at Hammersmith Hospital. In fact, the 
practice now has such a heavy teaching commit- 
ment elsewhere, and space is so limited in the 
health centre, we can no longer have a trainee in 
the practice and have to look outside for the 
stimulus that postgraduate students bring to 
medical practice. 

I have a special interest in paediatrics, 
whether it is dealing with the children when 
they are sick or dealing with children when they 
are well, such as at a child health clinic (which I 
still prefer to call a well baby clinic). Indeed, as 
I frequently tell the mothers (and now, also, the 
fathers): ‘How can I look after your child prop- 
erly when he is sick if I do not know what he is 
like when he is well?’ 

Until my presidential duties restricted my 
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time, I ran the well baby clinic in the practice. 
We have three sessions a week devoted specifi- 
cally to children under 5 years. The first is for 
routine child health surveillance and is run 
jointly by one or two of the GPs together with 
the health visitors. The second session is organ- 
ised by the health visitors. Parents always have 
direct access to the health visitors whenever 
they are there (that is, office hours). Because we 
are in the same building, referral from doctor to 
health visitors—and vice versa—is uncompli- 
cated. 

Immunisations are done at a separate session. 
I am often asked why immunisations are not 
given at the child health surveillance or health 
visitors’ sessions. Would it not save mothers’ 
(and doctors’) time? My answer is that health 
surveillance clinics should be conducted in a 
happy relaxed atmosphere. Mothers are coming 
to be reassured that their baby is normal and 
that they are doing a good job as mothers. (True 
disabilities are rare-—as opposed to the number 
of normal children referred from clinics to a 
specialist, which reflects not a need for treat- 
ment of the baby but better education of the 
clinician conducting the clinic.) Immunisation 
sessions are often traumatic. Waiting mothers 
are anxious: ‘Is it going to hurt my baby?’; and 
the baby, seeing other infants leaving the 
room crying, is also likely to be upset. 

Nevertheless, if a baby attending a surveill- 
ance clinic is overdue an immunisation, we will 
offer it on the spot but—probably because of 
close health visitor and GP collaboration— 
attendance rates for immunisation are, by inner 
city standards, good. 

Though I have a special interest in child 
health, I do not see all, or even the majority of 
sick children in the practice. I am not a GP 
paediatrician who—when we think about it—is 
neither GP nor paediatrician. Occasionally I am 
asked by a partner to comment on a child health 
problem but I am as likely to be asked my views 
on clinical problems not related to children. If 
and when we want another opinion, it is from a 
specialist that we want it (which is why we will 
sometimes complain that a child referred for a 
consultant opinion in outpatients is seen by a 
registrar or even a senior house officer). 

Expertise is a combination of knowledge and 
experience. Knowledge we can all acquire, 
either by reading the literature or attending 
(didactic).lectures. We have to wait for experi- 
ence to be available. In Britain there are, 
roughly speaking, 100 GPs for every paediatri- 
cian. A British paediatrician is therefore 100 
times more likely to have had to deal with a rare 
problem than a GP. Similarly, for every paed- 
iatric specialist in the UK there are— 
proportionate to the population—almost 50 
paediatricians in the United States, most of 
them delivering primary care paediatrics. 

The British specialist paediatrician can thus 
justify his claim to expertise because far more of 
his time is devoted to the less common prob- 
lems. Either we dilute his experience or we 
retain the present division between GP and 
specialist. 

It is no loss of status in the eyes of my patients 
for me as a GP to seek a second opinion. Were I 


called a paediatrician, I would have to explain 
why I need another paediatrician to advise me. 
A GP referring a patient to a specialist is no dif- 
ferent from one specialist referring to another 
specialist. 

Thus I believe that the British system of hav- 
ing a generalist-dehver-primary-care-and-Jeav- 
ing specialists to concentrate on secondary (and 
tertiary) care has much to commend it. 

There are a number of diseases I almost cer- 
tainly see more often than my hospital based 
colleagues—for example, upper respiratory 
tract infections and all the associated complica- 
tions such as otitis media and tonsillectomy. 
(Yes, I do mean the complication of tonsillec- 
tomy, not the indications for that operation, 
which I believe to be very rare.) 

The ritual sacrifice of parts of Waldeyer’s 
ring has remained a special interest ever since 
my RAF study. What are the criteria for saying 
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to others, limbs or trunk covered with a sebor- 
rhoeic eruption are accepted as part of life. Also 
relevant may_be the attıtude of the doctor. The 
authoritarian physician who would expunge all 
pathology off the skin is likely to prescribe 
medication that is both more potent and more 
expensive, though this does not necessarily tead 
to an improved dermis. 

Young children who have frequent spells of 
coughing, especially at night, are seen fre- 
quently both in hospital and general practice. 
Inquiries of other mothers reveal that there are 
even more children who cough frequently and 
are not brought to the doctor. Often asthma lies 
at the root cause but, in infants, treatment of 
the bronchospasm is not very satisfactory in 
eliminating the troublesome cough. I always 
ask the mother how much the child’s night 
time cough worries her and how much it dis- 
turbs the baby. 
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I am deputising for Mollie Smith, the district 
nurse who cannot be here today’. ‘I am Dr 
Bloggs: I am standing in for Dr Snooks, the 
paediatrician who is away at a conference this 
week’. Nor do I regard it as reasonable to expect 
a GP to attend a case conference at what is, for 
him, a particularly busy time in the practice, 
such as 10 am on a Monday morning. 

Furthermore, I cannot automatically be 
bound by conference decisions. As a GP I have 
to make up my own mind. I am personally 
responsible, both within the NHS and in law, 
for all my actions. It is no defence for me to say: 
‘I acted on the advice of X, a specialist in that 
field’. (I was recently at a Department of Health 
meeting when a consultant paediatrician was 
surprised to learn that GPs do not have to com- 
ply with hospital recommended prescriptions 
unless they themselves are in agreement with 
the decision. The choice of medication is that of 
the paediatrician or the GP who actually writes 
the prescription: neither can order the other 
what to do.) l 

‘Emergency’ housecalls to children loom 
large in the traditions of general practice; many 
of my hospital colleagues always assume this 
to be a major part of my work. Parents do worry 
about their children, some more than others, 
and especially with their first child. The prob- 
lem for many is aggravated by the absence not 
only of a nuclear family but also of an extended 
family. I suspect—though I cannot prove it— 
that close collaboration in my practice with the 
health visitors adds to the feeling of protection 
we can offer these mothers. I long ago realised 
that if good quality care is available ‘in hours’, 
the number of ‘out of hours’ calls falls 
considerably.° 

We run an appointment system which is 
valued as much by working class mothers as it is 
by the ‘yuppies’ who now live in Shepherds 
Bush. It is resented by an equal proportion in 
both groups. But we also accept ‘walk-in’ 
consultations—without (I hope) the patient hav- 
ing to justify the request with a receptionist. 

Occasionally there are unnecessary requests 
for emergency house calls. A common variety 
belongs to the ‘dad’s home from the pub syn- 
drome’. Father comes home late for his supper, 
rather more inebriated than is good for him. 
“Where is my meal?’ he demands. “There isn’t 
any meal’. ‘Why isn’t there a meal?’ he asks his 
wife, now herself becoming a bit defensive. 
‘Because the kid’s been ill all day’. At this point 
husband and wife (or wife and ‘partner’) recog- 
nise an opportunity for reconciliation. ‘Lers 
call the doctor’. On my arrival at the home, the 
healthiest person I see is often the child; but this 
is not the occasion for berating the parents for 
calling me out unnecessarily. 

Having examined the child I say: ‘Fortun- 
ately baby is not very ill. If you are still worried 
about him in the morning, why not bring him 
round to the surgery?’ What I certainly do not 
do is offer them a sachet of an antibiotic or Cal- 
pol, for that action would convince them that 
medication was necessary and therefore they 
were right to have called me. (I always remem- 
ber the teaching of the great Carlisle Potter on 
the subject of fractious babies: ‘a large dose of 
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sedative is the best remedy’ he would say; ‘no, 
not for the baby but for the mother!’). 

In my first weeks in general practice, I saw 
one child with tuberculous meningitis and 
another with pyloric stenosis. Since then I have 
seen only one other baby with pyloric stenosis: 
and that was about 25 years ago. I have not seen 
another case of tuberculous meningitis. I have 
seen three cases of meningitis and—by the grace 
of God—I diagnosed all three. In one, I recog- 
nised the high pitched cry—and had an argu- 
ment over the phone with ‘the duty paediatri- 
cian’ about its significance. I hope that if, and 
when, I see my first child with epiglottitis I will 
remember not to try and examine the throat 
with a tongue depressor. 

Appendicitis seems to be getting much rarer. I 
have not seen a case for over two years, though 
one of my younger partners sent a child to hos- 
pital with that diagnosis a few weeks ago. 

We have always to remember that, in the 
NHS, if a GP does miss a diagnosis, sooner or 
later the hospital discharge summary—however 
the child got to hospital—will bring the error to 
light. 

Acute attacks of asthma are distressing to the 
doctor as well as to the patient and the parents; 
they can also be life threatening. I am not in 
favour of the current vogue for nebulisers, 


' which seem to me to be underused by some and 


abused by others. I believe that if nebulisation is 
necessary, a course of oral steroids is almost 
always also needed. The various ‘spacer’ devices 
which can be attached to an ordinary inhaler 
are, anyway, almost as effective as a nebuliser— 
and far less dramatic. My own preference (going 
back to my days at Queen Elizabeth Hospital 
almost 40 years ago) remains a short, sharp 
course of oral prednisolone, followed a few days 
later (when the child and the family are more 
relaxed) by better education on how they should 
manage the disease with ordinary inhalers. In 
most cases I find it quite safe to leave the family 
with a small supply of prednisolone for use in a 
future emergency. In my practice we do not 
issue repeat prescriptions without seeing the 
patients each time. We then issue enough medi- 
cation to last until the next time it is clinically 
necessary to see the patient. Therefore it is easy 
to monitor the frequency and the quantity of 
steroids consumed and, hence, to recognise 
when to introduce inhaled steroids on a regular 
prophylactic basis. 

From a general practice point of view diabe- 
tes in children is rare. The majority of us will 
have, at most, only one diabetic child on our list 
during the whole of our 30-35 years as a GP, 
and many will never have that responsibility. 
However, for 15 years I had the privilege of 
being medical officer to Palingswick House hos- 
tel for diabetic children, which was situated less 
than a mile from my surgery. At any one time 
there were 40-50 children with diabetes resi- 
dent at the hostel, including some of the most 
difficult cases from all over the country. Before 
coming to Palingswick House, most of them 
had been absent from school for frequent and 
prolonged periods and in and out of hospitals. 
In most of the children the main problem was 
emotional: they and/or their family had not yet 


come to terms with the illness.° Without realis- 
ing it was offering the service, what Palingswick 
House did was provide group therapy. The chil- 
dren supported each other. All of those who had 


not yet learned how to do it, including those of 


preschool age, were taught to administer their 
own insulin injections (but a nurse always 
checked the quantity loaded into the syringe). 
We taught them how to manage their own 
diabetes. In particular, we taught them how to 
reduce the frequency of ‘hypo’ attacks by 
understanding what was likely to bring one on 
and what preventive action to take. We relied 
on oral glucose or, in the early stages of an 
attack, any carbohydrate. It was rarely neces- 


LUurne 


tory for infectious contaminating organisms 
(the result of which tests, anyway, will not be 
available in most cases until after the child has 
recovered). 

In some cases, diarrhoea is attributed to a sys- 
temic infection, in particular of the respiratory 
tract (23% in the series of Conway et al’). Otitis 
media (generally classified with respiratory tract 
infections) is one of the most frequently blamed 
systemic infections for the cause of diarrhoea. 
The treatment is often an antibiotic. (Views dif- 
fer as to the appropriateness of this treatment. 
Nevertheless, there are many doctors both in 
general and hospital practice who regard an 
antibiotic as the first line treatment of otitis 
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his house calls.” Stress can, therefore, often be 
detected in more subtle ways than it might be in 
a family seen for the first time. 

Not infrequently, an acute emotional break- 
down in the family will be presented as an appa- 
rently medical illness in one of the children. I 
have described elsewhere puerperal depression 
in the mother presenting as vomiting in the 
baby,” to which clinical picture I later gave the 
name of the ‘Azazel syndrome’ after the biblical 
story of the scapegoat who was sent into the wil- 
derness of Azazel.' Equally, we always have to 
remember that, because there is emotional ill- 
ness in a family, it does not mean that we can 
exclude a physical cause for the current present- 
ing problem. 

The care of children is a fundamental compo- 
nent of general practice. It is virtually imposs- 
ible to do proper general practice—family 
medicine—without being involved in the treat- 
ment of sick children. It logically follows that if 
properly trained GPs are able to look after child- 
ren when they are ill, they are also able to 
examine children when they are well. I there- 
fore anticipate that the additional knowledge 
required for child health surveillance will be 
accepted as part of the core content of good 
general practice. 

I have left to the last the issues that surround 
referral of children to hospital. Regrettably this 
is, all too often—especially in an inner city 
area—the only interface between GP and 
specialist. 

The reasons why patients are referred for a 
specialist opinion are complex.'' It is often 
assumed that the GP is passing a problem he 
cannot manage to a more senior member of the 
medical hierarchy, but that view is incorrect. 
Very often the specialist is being asked for his 
support in the management of a chronic condi- 
tion for which there is no cure, such as catarrh 
or eczema. It is also to reassure the family that 
there is no need for active medical or surgical 
treatment, for example, most children with 
recurrent abdominal pain. If referral is to 
become rational and, hence, more cost effective 
it will be necessary for all three partners in the 
process—GP, specialist, and patient (or 
parents)—to understand the process more fully 
and its nuances. 
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We need to understand the difference 
between a ‘consultation’ and a ‘referral’. A 
‘referral’ is the handing over of the management 
of that illness by the GP to a specialist and his 
hospital based team. A ‘consultation’ implies 
the seeking of an opinion from a specialist with 
the intent that the ongoing management of the 
problem will be left in the hands of the GP. 
(The word ‘consultation’ is also used to describe 
what happens when a patient seeks the opinion 
of a doctor, whether it is GP or specialist.) 

A ‘second opinion’ is, strictly speaking, not 
synonymous with either referral or consultation 
with a specialist. It was originally used to indi- 
cate the obtaining of another (and possibly dif- 
ferent) opinion from a second specialist in the 
same field. If the term ‘second opinion’ is to be 
used to denote an ordinary referral or consulta- 
tion, then it is important to remember that it is 
not possible to have a second opinion without 
having a ‘first opinion’, which should be pro- 
vided by the general practitioner. 

Early in my career I realised that, if I wanted 
to help sick children, I needed to know a lot 
more about their families. Furthermore, this 
was a field in which—to use the American ex- 
pression—I felt comfortable. So I chose general 
practice, and I have never regretted it. 


I would like to thank Professor Denis Pereira Gray and Dr Colin 
Waine for their helpful comments. 
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Use of movement analysis in understanding 
abnormalities of gait in cerebral palsy 


J H Patrick 


Orthopaedic surgeons and paediatricians rarely 
use gait laboratory studies to assist decision 
making in the treatment of walking diplegic 
patients with cerebral palsy. This is now chang- 
ing because of a realisation that operations for 


cerebral palsy—can—be—vastly_improved—using—remain-atthe-forefront-of physicalananagement——— 


such analysis. 

An unlikely stimulus came in spring 1990 
from the media. BBC television showed a film 
about the progress of a spastic boy from south 
London who visited a movement analysis labor- 
atory at Newington Children’s Hospital, Con- 
necticut, USA. There he was assessed using 
VICON kinematics, electromyography, and 
forceplate measurements. He then underwent 
surgery and physiotherapy. The results of the 
operations were not spectacular, but the tech- 
nology and the touching pictures of a coura- 
geous boy with cerebral palsy were more impor- 
tant than ‘results’. 

Doctors and therapists have been stimulated 
to think of improvements in diagnostic methods 
and ways of achieving a better understanding of 
the biomechanics of walking in individual 
patients. A case is made here for reconsidering 
the place of surgery for many patients with cere- 
bral palsy by undertaking bony procedures and 
release or lengthening of tendons after gait 
analysis has been carried out, on more mature 
children aged from 7-8 years. 

Although the television commentary did not 
mention the source of the equipment, that used 
in this patient’s analysis was British; such sys- 
tems are no longer just research tools, as is 
shown by the work of our laboratory. Accurate 
three dimensional data about limb movements 
in space can be obtained and viewed at leisure 
by rerunning video film after conventional 
examination of the patient has identified some 
of the problems in the lower limbs. Such equip- 
ment, together with synchronous electromyog- 
raphic recordings of muscle activity and kinetic 
force estimations in the lower limb, can-new—be 
used to measure each ambulatory spastic child. 
Movement analysis is now more than an 
interesting research tool, because it permits 
accurate diagnosis of the causes and effects of 
deformity in cerebral palsy. Consequently, 





siotherapy, orthoses, or operation. 


Traditional treatment regimen 
For spastic children traditional methods of 
treatment have all included an assessment of 





walking potential. This is now a fine art, done 
best by skilled physiotherapists during a session 
of play, observation, and exercise usually 
undertaken during the first two years of life. In 
some areas of the country physiotherapists then 


policy for that child. Orthopaedic surgeons and 
paediatricians usually accept this, as the attain- 
ment of walking is usually the province of phy- 
siotherapists and parents. Occasionally ortho- 
paedic surgeons are asked to lengthen a tendon 
or muscle (usually at the groin or ankle), but the 
child grows and learns without much medical 
advice. Most children whose disability 1s con- 
fined to the legs, do walk; the more severely 
affected require wheelchairs, but there is a 
group for whom walking becomes increasingly 
difficult because of high energy costs of particu- 
lar deformities which deleteriously affect walk- 
ing. 

Until recently we have been unable to analyse 
why some children apparently do well after 
operations, for example lengthening of the 
heel cord. Others, seemingly identical, adopt a 





Figure 1 Left mid-stance phase in ORLAU movement 
analysis laboratory. Ground reaction vector line (representing 
body weight passing through force platform) shown as an 
extending moment to the left knee. Note slight equinus and 
lumbar lordosis caused by increased gastrocnemius and psoas 
muscle tone. (Figure 1s a polaroid photograph taken from a 
moving video film. ) 
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crouch position after such operations. Why? 
Movement analysis now provides the answer 
(fig 1). A single frame photograph shows the 
body weight vector as a ‘white line’, accurately 
giving the position and direction of the body 
weight force as it is being applied to a Kistler 
force platform. Clearly, in this case, if the child 
has the heel cord lengthened then the ground 
reaction force vector may come to lie behind the 
knee (as in fig 2) unless the quadriceps can pro- 
vide an opposing moment to straighten the 
knee. Often patients with cerebral palsy have 
quadriceps that are so weak that a ‘crouch’ is the 
only result of heel cord lengthening. This poor 
result (for some children) can now reliably be 
predicted, so the benefits of the analysis are 
explicit. 


Current problems 

Many children have heel cord operations that 
produce this ‘crouch’ position, because kinetic 
examinations such as ours are not generally 
available. The flexed knee and hip posture per- 
sists in spite of intense postoperative phy- 
siotherapy. Often surgical release of the flexion 
contracture of the knee is the next stage, and 
this has been called the ‘birthday syndrome’ 
because the child then undergoes still more 
physiotherapy, perhaps for another 6-12 
months, until the surgeon releases the flexed 
hips of the ‘crouch’.' This last operation may 
destroy the flexor power of the limb (which is 
necessary to initiate the swing phase of gait) if 
the psoas tendon and muscle retract into the 
pelvis, their insertion into the femur having 
been lost. Surgical intervention is therefore not 
always a success and some patients are made 
cosmetically worse. Surgical treatment is 





Figure 2 Right mid-stance on the force platform in 
ORLAU movement analysis laboratory. This girl has had 
her achilles tendon lengthened. The flexing moment to the 
knee is compensated for by quadriceps contraction—if this 
muscle weakens further she will ‘crouch’ by flexing hip and 
knee. (Figure is a polaroid photograph taken from a moving 
video film.) 


for confinement to a wheelchair. ~ 
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unfairly brought into disrepute if the biomecha- 
nics of that child are not known. Furthermore, 
neuromotor control is constantly maturing, and 
surgical intervention can be mistimed in grow- 
ing children leading to bizarre gait problems in 
already handicapped spastic patients. 


OTHER PROBLEMS IN MANAGEMENT OF DIPLEGIC 
CHILDREN 

Sutherland and Hagys? and Beals? have 
pointed out that all diplegic children with cere- 
bral palsy who can walk, mature at a slow but 
definite rate, following the developmental pat- 
tern of neuromuscular control in their normal 
peers, but less efficiently. By the age of 7 years 
both groups have matured maximally, so 
surgeons should if possible wait until the pla- 
teau of maximum control has been reached 
before operating. We propose that no operation 
should be undertaken until movement analysis 
has been made at the age of about 7-8 years. If a 
disabling dynamic deformity is present earlier 
than this, then it is probably the result of 
increased tone in the lower limbs. Oppenheim 
has shown that in some patients selective rhizo- 
tomy may be helpful, although experience of 
this is still limited.“ 


Optimum management 

If clinical maturation levels off during the 
seventh year it should be easy to analyse which 
mechnical faults are present in an individual 
child. Sensible treatment is then possible. The 
gait analysis, preceded by traditional history 
taking and static examination, is followed by 
kinematic analysis to show how the child walks. 
We can note in slow motion the action and dura- 
tion of the stance and swing phases, we can see 
objectively the limitations of movement in indi- 
vidual joints, and we can compare these with 
normal gait performance. Electromyographic 
examination may be helpful as cooperation is 
quite possible in this age group. Energy studies 
to assess the work being done have important 
prognostic value, as high values will suggest 
eventual limitation of activity and the necessity 


ANALYSIS OF LIMBS SEGMENTS 

In many diplegic children with cerebral palsy 
the hip flexors, hamstrings and rectus femoris 
muscles (at the front of the knee) are too tight; 
the Achilles tendon has increased tone, and the 
adductor musculature contributes to excessive 
internal rotation at the hip. The classic ‘diplegic 
walk’ is the result: the child moves on tiptoe 
with the knees permanently bent to about 40°, 
with relative fixity of knee and hip motion dur- 
ing the swing phase. 


Knees 

Gage et al have shown that stiff knees are often 
caused by inappropriate contraction of the rec- 
tus femoris muscle; dynamic electromyographs 
can be made in the gait laboratory to show this. 
If confirmed, release or transfer of the rectus 
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muscle tendon just above the knee is suggested. 


Patrick 


pitch of an ankle foot orthosis (below knee 


Knee motion during the swing phase istestored—splint—can—dramatiealhy—changethewalk of a 


and elaborate, energy wasting swinging of the 
limb from the hip (circumduction) is elimin- 
ated. 


Hips 
The internal rotation of the femur at the hips 1s 
conventionally said to be the result of adductor 
overactivity, but kinematic and electromyog- 
raphic analysis has shown that often iliopsoas or 
gracilis tightness are responsible. It is salutary 
to speculate how many adductor releases and 
rotatory femoral osteotomies have been done 
without simultaneous muscle balancing proce- 
dures. or because of lack of understanding of 
the cause of the internal rotation. Kinematic 
study can show internal rotation occurring after 
initial foot contact under the influence of 
gracilis and medial hamstring overactivity. An 
electromyographic analysis will confirm the 
point and permit accurate diagnosis, with a dis- 
tinction being made between this type of inter- 
nal rotation and the adduction/internal rotation 
of true adductor muscle spasticity. 

‘crouch gait’ 1s 
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diplegic child. If the body weight vector is made 
to pass anterior to the knee, the weak quadri- 
ceps are strengthened. If the pitch is wrong, the 
ankle foot orthosis ‘doesn’t work’, and the knee 
flexes more. This is confusing for child, parent, 
and orthotist. If the body weight forces are 
correctly distributed, walking is successful. 
These kinetic examinations can fine tune the 
ankle foot orthosis. 


Energy expenditure 

Surgery has been useful to many children with 
cerebral palsy, but measurement of the results 
has been inadequate. McGregor has shown that 
estimating changes in heart rate during walking 
and relating them to walking speed provides a 
simple, non-invasive and accurate method of 
evaluating treatment’ ° This has been con- 
firmed by Rose et al.’ An index of the physio- 
logical cost (PCT) is derived in the laboratory 
during five timed walks on the gait track. The 
resting heart rate is subtracted from the exercis- 
ing heart rate and divided by the speed. In our 
orginal group of nine patients with cerebral 
palsy who underwent movement analysis and 
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Commentary 
Gait laboratory analysis is a welcome attempt to 
introduce some science into a difficult and 
highly specialised area. Much orthopaedic 
energy has been directed to improve walking in 
children with spastic diplegia or hemiplegia. 
Even in the most experienced hands the results 
of surgery after careful clinical assessment are 
sometimes unpredictable and undesired. 
Some reasons are not far to find. For exam- 
ple, intoeing is usually due to over activity of 
the medial hamstrings—and is corrected by 
lateral transfer of the semitendinosus. However, 
the psoas or other hip internal rotator may be 
responsible. The distinction can be made by 
analysis of the electromyogram during the walk- 
ing cycle. Similarly analysis of the function of 
muscles which cross two joints such as the 
rectus femoris can assist operative decisions.' 
Normally the rectus is active in early swing to 
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help hip flexion as well as to prevent excessive 
knee flexion. If the rectus is active in stance 
also, and the problem is excessive hip flexion in 
standing, proximal release is logical. If, 
however, there is activity after early swing and 
the problem is excessive extension leading to a 
stiff gait distal release or transfer is a better 
option. 

It is still an article of faith that better planned 
surgery will yield better results. This is entirely 
reasonable as, unlike dystonia, weak muscles in 
spastic disorders remain weak after surgery. 
Over active muscles remain strong. 

Great caution must be exercised, therefore, in 
extending this analysis to children with extrapy- 
ramidal involvement. Comparison of results of 
procedures based on gait analysis with results of 
clinically based procedures will not be easy but 
will be necessary to convince sceptics, and this 
includes funding authorities. 

As with all such surgery, the role of a 
physiotherapist throughout is crucial. 

The picture of practice that has emerged in 
the United States where several gait laboratories 
have developed considerable experience is for 
recommendations to be made to the referring 
clinician. It is for those who know the child and 
family best to decide with them whether in this 
particular child in his particular social and 
educational setting, this particular procedure 
will be appropriate. Clinical judgments have not 
been replaced by gait analysis. Instead, I hope 
they will become directed to more logically 
relevant questions. 


R O ROBINSON 
Newcomen Centre, 

Guy’s Hospital, 
St Thomas Street,’ 
London SEI 9RT 
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SISTER JOURNALS—UNITED STATES 


American Journal of Diseases of Children 
Robert Boyd had, to my mind, an easier review- 
ing task a few months ago as with no knowledge 
of Cyrillic script most of Pediatriia was incom- 
prehensible to him. My smattering of Cyrillic ts 
not required to review the American Journal of 
Diseases of Children (September 1990), so I am 
left deciding whether I am expected to comment 
on the journal or the individual articles therein: 
the wood or the trees? 

Perhaps I should ‘come clean’ and admit that 
I am greatly influenced by the superficial 
appearance of things. I buy gramophone 
records for the attraction of the sleeves as much 
as for the quality of the recordings. For appear- 
ance this journal does not score highly. Despite 
being a publication of the American Medical 
Association, it lacks the artistic outside covers 
of its sister journal, the Journal of the American 
Medical Association. Inside it has similar prob- 
lems. The relative merits of journal format can 
trigger involved arguments in editorial board 
meetings. Should a journal move to A4 size? 
Should there be one or two columns of print per 
page? These items are thought important in the 
battles to attract readers. The American Journal 
of Diseases of Children has three columns of very 
small print with about six words a line. Reading 
is tiresome as roughly every fourth line ends in a 
hyphenated word. The print is densely packed 
on the page with little break for illustrations or 
diagrams. The tables, on blue backgrounds 
surrounded by hard black lines, seem neither 
particularly easy to read nor attractive. * 

But what of the science? The range of articles 
is wide and the topics covered significant: 
management of cardiovascular disease risk fac- 
tors by primary care physicians; treatment of 
type 2a hyperlipidaemia in childhood (diet and 
fibre supplement); social and medical problems 
in children of heroin addicted parents (the prob- 
lems you might expect with 37% unemploy- 
ment, 16% prostitution, and 19% imprisonment 


*The Americans must have felt as I did. In January 1991 the 
journal changed to a logo style title on the front cover and a 
predominantly two columns per page style internally. 
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among the parents). There are also articles on 
lawn dart injuries (read the journal to find out 
what a lawn dart is); an impressive update 
review of immunodeficiency diseases; assess- 
ment of growth hormone release by cycle 
exercise; ribovirin treatment guidelines; zinc 
metabolism in infant rhesus monkeys (with 
interesting addenda on compliance with the 
Animal Welfare Act and indicating approval by 
campus veterinarians—perhaps something we 
should stress more in Britain); a section on 
sports medicine; and bronchiolitis in south 
India. A jolly good read for the ‘office paediatri- 
cian’. 

Listing the articles tells us something about 
the journal. Among the 19 articles, three are 
from outside the USA: from Canada, Spain, and 
India. The USA is large and does not need other 
countries to provide material for her journals. 
Publication from abroad does, however, suggest 
an international readership rushing to publish, 
or waiting to read, the latest discoveries in the 
journal. The American Journal of Diseases of 
Children does not give the impression of having 
that kind of readership. Earth shattering dis- 
coveries are published elsewhere. Scanning the 
references listed in these 19 articles showed 
about 48 references to general paediatric jour- 
nals, most of which were American publica- 
tions. There were 10 references to the Archives 
of Disease in Childhood, yet only nine to the 
American Journal of Diseases of Children itself. 
Does this prove my point? 

There is pleasure in self assessment with the 
‘case of the month’ and the ‘radiological case of 
the month’. Incorrect guesses with the latter can 
always be blamed on the difficulties of repro- 
ducing x rays in print! Letters and short items 
in overseas journals reveal particular national 
habits in an entertaining light. Is Nintendo 
incontinence a problem in your clinics? If so, 
have you tried recommending use of the ‘pause’ 
button on the video cassette recorder? Some- 
times I feel very old and out of date! 


E M E POSKITT 


N. 
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LETTERS TO 
THE EDITOR 





Recurrent abdominal pain of gastrointestinal 
disorder 


SIR,—We were interested to read the study of 
van der Meer et al, which demonstrated a high 
incidence of duodenitis associated with 
abnormal intestinal permeability to >'Cr- 
EDTA among children with recurrent 
abdominal pain.! We fully agree with their 
conclusion that duodenitis may play an 
important part in the pathogenesis of 
recurrent abdominal. pain, although duodeni- 
tis rarely occurs without inflammation of other 
parts of the gastrointestinal tract.” 

In a prospective study, ducdenal, gastric, 
and oesophageal biopsies were obtained from 
71 children with recurrent abdominal pain, 
aged 3 to 14 years (mean 8-6) who were under- 
going upper gastrointestinal endoscopy for 
investigation of abdominal pain. We wanted to 
find out if there were gastroduodenal dis- 
orders (for example, duodenitis, gastritis, 
peptic ulcer) and if there was a relationship 
between these disorders and Helicobacter 
pylori. Patients were diagnosed as having 
recurrent, abdominal pain if their symptoms 
fulfilled the criteria of Apley and Naish?: (i) at 
least three episodes of pain, (ii) if there was 
severe pain affecting the child’s activities, (iii) 
if pain was occurring over a period of not less 
than three months, and (iv) if attacks con- 
tinued in the year preceding the examination. 

The duration of patients’ symptoms before 
endoscopy ranged from 3-84 months (mean 
16). The pain was periumbilical in 27 patients 
(38%), epigastric in 26 (37%), hypogastric in 
five (7%), diffuse in nine (13%), and had other 
locations in four patients: left upper quadrant 
(n=2), right upper quadrant (n= 1), and right 
lower quadrant (n=1). The duration of attacks 
ranged from | to less than 5 minutes in eight 
patients (13%), from 5 to 60 minutes in 36 
(51%), and from more than 60 minutes to all 
day in 27 (38%). The frequency of attacks was 
daily in 34 patients (48%), more than once a 
week in 21 (30%), once in every 2-4 weeks in 
seven (10%), and less than once a month in 
nine (13%). Forty children (56%) had the 
attacks of pain in the morning before getting 
up, 20 (28%) after breakfast, 34 (48%) after all 
other meals, 20 (28%) before all other meals, 
18 (25%) at school, two (3%) immediately 
after sports, 12 (17%) in the afternoon, at 
home during play, and 18 (25%) at night, 
disrupting sleep. 

Of these 71 children, 56 had suitable biopsy 
specimens from the duodenal bulb, 54 from 
the antrum, 55 from the body, 14 from the 
cardia, and 59 from the oesophagus. The 
histological findings in children studied are 
summarised in the table. 

Sixty six of the children studied had an 
underlying gastroduodenal cause for their 
complaints: duodenitis (n=7), duodenitis and 
gastritis (n= 13), gastritis (n=19, one of these 
children had gastric ulcer as well), duodenitis 
and oesophagitis (n=3), duodenitis plus gas- 
tritis and oesophagitis (n=6), gastritis and 
oesophagitis (n=14), and oesophagitis (n=4). 
H pylori colonisation was found in five of the 
71 children studied, using both haematoxylin- 


Histological findings in children studied 


Histological findings No (%) of 
patients 
Normal duodenal mucosa 27 (48) 
Mild duodenitis 29 (52) 
Total 56 
Normal antral mucosa 16 (30) 
Superficial antral gastritis 38 (70) 
iid inflammation 24 
Moderate inflammation 5 
Active chronic gastritis 9 
Total 54 
Normal body mucosa 26 (47) 
Superficial body gastritis 29 (53) 
Mild inflammation 21 
Moderate inflammation 3 
Active chronic gastritis 5 
Total 
Superficial cardiac gastritis 14 (100) 
Mild inflammation 
Total 14 
Normal oesophageal mucosa 32 (54) 
Mild oesophagitis 27 (46) 
Total ` 


eosin stained slides and cresyl fast violet 
staining.* Of these five patients, one had H 
pylori associated antral and body gastritis, and 
four H pylori antral gastritis only, although 
both antral and body gastritis were present in 
three of these four patients. 

In the present study, though the presence of 
H pylori and antral gastritis is recognised, its 
association with recurrent abdominal pain is 
not established. These results provide further 
evidence that H pylori is not a primary patho- 
gen of gastritis and support the hypothesis 
that H pylori may occasionally colonise gastric 
tissue as a result of inflammation rather than 
as a cause of it. 

Our histological data show that duodenitis 
rarely occurs without inflammation of other 


- parts of the gastrointestinal tract and that this 


condition is frequently associated with gastri- 
tis and less frequently with oesophagitis. 
These results, consistent with those of others,” 
raise the possibility that the same aetiological 
factors that cause gastritis may also be 
involved in the genesis of duodenitis.’ 

In a group of 51 children with non-specific 
abdominal pain, Oderda et al found oesopha- 
gitis in 11 cases, but the diagnosis was made 
endoscopically and not confirmed histo- 
logically. Our data confirm that there is a 
high incidence of mild oesophagitis among the 
children studied and the diagnosis was made 
endoscopically and histologically. These data 
provide further evidence that there is a signifi- 
cant association of oesophagitis with gastritis 
or duodenitis. The significance of this associa- 
tion remains to be elucidated. 

In conclusion, our data provide strong 
evidence that there is a gastrointestinal origin 
of these patients’ complaints. 


I MAVROMICHALIS 
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When does slow weight gain become 
‘failure to thrive’? 


Sir, —Edwards et al seek to derive, from the 
analysis of longitudinal growth data, a ‘logical 
and generally accepted definition of failure to 
thrive’ in order to ‘enable vulnerable children 
to be identified at an early age’.! We contend 
that their diagnostic criteria are neither 
logical, nor are likely to gain general accep- 
tance, for a number of reasons. 

Firstly, the authors cite Smith et al as 
having demonstrated that the genetic contri- 
bution to a child’s weight is ‘greater by the age 
of 4 to 8 weeks’ (than at birth, presumably). 
But Smith et al reported nothing of the sort. 
The paper cited does not even discuss weight 
gain but, as the title suggests, is concerned 
with shifting patterns of growth in length. 
A more relevant reference to the points being 
made is by Berkey et al who demonstrated that 
influences upon centile shifting in the first 
year of life include whether length or weight is 
being measured, the sex of the child, and 
whether the shift is towards or away from the 
50th centile.? Edwards et al do not seem to 
distinguish between weight shifts upward and 
those shifts downward from the mean. 

Diagnostic validity can be viewed as com- 
prising face validity (that is, agreement by 
clinicians), descriptive validity (that is, a dis- 
tinctive set of symptoms), and predictive 
validity (that is, a differentiation on one basis 
must predict differences in other areas). All 
they have really demonstrated is that infants 
whose weight persistently deviates (down- 
wards) two or more major centiles from that 
position reached between four and eight weeks 
after birth will be rather smaller and lighter in 
the second year of life than those whose weight 
has not so deviated. Not a very surprising con- 
clusion. Perhaps a corollary of this finding, a 
matter not entirely clear from the data pre- 
sented, is that having deviated downwards in 
the first year by at least two major centiles an 
infant is unlikely to deviate up again in the 
second year. That would be more interesting 
but it is still not a validation of the concept of 
failure to thrive. 

We would tend to agree with the-recom- 
mendation of the Joint Working, Partyjon 
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rmed ‘failure to thrive’ to some external 
‘iterion of developmental disadvantage, be 
tat ‘psychosocial deprivation’ or organic 
isease. Otherwise a time honoured preven- 
ve activity may become a source of unjusti- 
ed parental concern. ` 
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rs Edwards, Halse, and Waterston comment: 
he three points made by Drs Porter and 
xuse cover the genetic influence on growth, 
ie diagnostic validity of persistent centile 
»yiation, and the need for additional criteria 
r psychosocial disadvantage. Definitive 
iswers are not yet available on any of these 
ints. Smith’s paper indeed discusses length 
ther than weight, but the key statement we 
ctracted from this work is that ‘Those infants 
catching up” after birth usually do so in early 
fancy (0-3 months) whereas those “lagging 
wn” tend to do so in mid-infancy (3-6 
onths)’. We have provided the evidence in 
ir paper for the 4-8 week centile being a 
‘tter predictor of future growth than the 
rth centile. 

Our findings show that babies whose weight 
viates downwards according to our defini- 
yn are distinctly different in the second year 
om babies whose weight does not deviate: 
ey are not only lighter, but also shorter and 
inner. We therefore believe that we have 
entified a different population of babies and 
iggest that these are children who may be 
garded as vulnerable and worthy of psycho- 
cial assessment. We believe that these find- 
gs demonstrate the value of regular weighing 
` children. Concerning the meaning of the 
rm ‘failure to thrive’, we agree with the 
ancet that this term, with its connotations 
` emotional poverty, would be better 
yandoned and replaced by ‘failure to gain 
eight appropriately’. ! 

Previous definitions of failure to thrive 
hich relate to growth below the 3rd or 10th 
ntile do not take into account the growth 
ajectory, and are clearly unsatisfactory. We 
ink that ours is a considerable advance, if 
Ul in need of further refinement. 


Anonymous. Failure to thrive revisited. Lancet 
1990;336:662-3. 


aby Check score card 


R,— The series of articles by A J Thornton, 
J Morley, and S J Green et al on the Baby 
heck score card make very interesting 
ading and represent a timely attempt to 


provide parents with a diagnostic tool to grade 
their infant’s severity of illness.!"* 

As a general practitioner I must admit to 
some reservations about many parents’ capa- 
city (particularly with first children) to 
document accurately their children’s symp- 
toms. I am frequently presented, as are my 
colleagues, with children whose parents cheer- 
fully report that they have vomited everything 
they have been fed for the last 48 hours or 
longer, haven’t passed urine for the last 24 
hours, and arè drowsy all the time (“He defin- 
itely isn’t himself, doctor’!?). A set of symp- 
toms belied by the fully hydrated and cheerful 
infant sitting in a wet nappy in the surgery 
(‘He must have just done it’). 

This lack of reliability in parents’ impres- 
sions of their children’s symptoms is sup- 
ported by a letter by Francy Pillo-Blocka et al 
from the Hospital of Sick Children in 
Toronto.” They reported ‘on the subject of 
mothers of infants with gastro-oesophogeal 
reflux and their estimates of the quantity of 
fluid spilled on a baby’s wash cloth. A spillage 
of 5 ml in volume produced a mean estimate of 
spillage of 35 ml (range 3-120 ml) and a 10 ml 
volume produced a mean estimate of spillage 
of 77 ml (range 7-240 ml). Of the 58 mothers 
tested, only one accurately assessed both 
volumes and the result was independent of 
education status or age of the mother. The 
authors advised caution in accepting parental 
impression of vomiting as a result. 

I accept this finding only affects a small 
subsection of the Baby Check, but I would be 
very concerned about the widespread applica- 
tion of the score card before more work is 
done on the accuracy of parental assessment of 
individual signs and symptoms included in the 
score card. 


DS SOWDEN . 


Measham Medical Unit, 
Measham, 
Burton-on-Trent DER 7HR 
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Dr Morley comments: 
I would like to thank Dr Sowden for his 
interest in Baby Check. I understand his 
reservations about parents’ ability to report 
their children’s symptoms accurately. 
However, when mothers exaggerate their 
baby’s symptoms one should consider whether 
they are really incapable of reporting the 
symptoms accurately or whether they perceive 
that the doctor is disinterested in their baby’s 
illness unless presented with florid and overt 
symptoms. 

Dr Sowden uses mothers’ lack of reliability 
at assessing the amount of fluid on a wash 
cloth as an indication of their inability to 
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assess their baby’s symptoms. This is a 
notoriously difficult thing to assess and I 
would be surprised if doctors could do better. 

When assessing a baby’s illness the first 
thing all doctors should do is ask the mother 
about the baby’s symptoms. It is very difficult 
to come to an accurate diagnosis without 
taking a history. However, the information 
obtained is more useful if the mother is asked 
questions she is likely to be able to answer. 
For example in Baby Check the mother is not 
asked the volume of the vomit but, ‘Has the 
baby vomited at least half the feed after each 
of the last three feeds?’ 

The research project, from which Baby 
Check was developed, set out to find the 
symptoms (reported by mothers) and signs 
(seen by the assessors) which could be used 
to grade the severity of a baby’s illness. Inter- 
estingly, out of all the possible factors which 
might be considered important and useful, 
seven of the 19 factors selected by the analy- 
ses were symptoms. Despite any inaccuracy in 
the way these might have been reported by the 
mothers they were found to contribute signifi- 
cantly to the assessment of a baby’s illness. 

Although we were concerned that mothers 
might not be able to use Baby Check two field 
trials showed that they had few problems with 
the interpretation of the symptoms or signs. 
Most people who used Baby Check in our 
studies found it helpful, particularly if they 
were inexperienced at assessing babies’ ill- 
nesses. I would like to suggest that Dr Sowden 
tries Baby Check with his patients. I think he 
might be pleasantly surprised to find how well 
mothers can assess their babies when given a 
new tool for a difficult task. 


Ischaemic brain lesions diagnosed at birth in 
preterm infants 


Sir, —The observation by Sinha et al, that 
nine out of 232 newborn babies showed 
periventricular echogenicity two hours after 
birth requires clarification if inferences are 
to be drawn with regard to the timing of 
the insult which leads to periventricular 
leucomalacia.’ Confusion will exist as long as 
paediatricians continue to use the terms 
echogenicity, ischaemia, periventricular 
leucomalacia, and periventricular cysts as 
though the terms were synonymous. 

Echogenicity from the authors’ own obser- 
vations is reversible, as is ischaemia, for at 
least some patients. Periventricular leuco- 
malacia with or without cyst formation is as 
permanent as the disability which it may 
cause. Periventricular leucomalacia is a 
particular form of cerebral infarction which 
becomes cystic only after a few days when 
sufficient numbers of dead cells have been 
removed for a cavity to be detectable. Pre- 
cisely how long this interval is before a cyst is 
seen is something of an imponderable but is 
probably of the order of 10 days. 

It comes as no surprise that there were nine 
infants whose brain pathology may have been 
initiated in the intrapartum or immediate 
postnatal period. Changing the supply of 
oxygen from placenta to lungs is bound to be 
intrinsically hazardous. A more interesting 
question is how many babies sustained cere- 
bral infarction from a hypoxic or ischaemic 
episode days before the mother’s confinement. 
Cavitation, as opposed to echogenicity, of the 
infant brain at two hours postnatal age would 
be convincing in that respect. The reader is 
not informed. 


tr” 
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The authors make it clear that late-onset 
periventricular leucomalacia is three times 
more common than early onset cases. It is 
worth pointing out that this was not the situa- 
tion that was apparent to perinatal patho- 
logists in the days before ultrasonography 
existed. Only recently have significant 
numbers of small babies been kept alive long 
enough for periventricular cavitation to 
become manifest either by ultrasound or by 
direct observation postmortem. For these 


babies postnatal management is more likely to 
be relevant to their handicap than antepartum 
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but-asthe progression of initial echogenicity to 
cyst formation takes sometime between seven 
to 10 days, it seemed quite reasonable to 
deduce that these changes might have started 
before or during birth. 

The ability to make serial observations of 
the brain non-invasively by ultrasound has led 
to a better understanding of the pathogenesis 
and natural history of ischaemic brain lesions. 
We agree that these lesions tend to occur 
mostly in relation to hypoxic-ischaemic injury 
either at birth or during the neonatal period 
but similar insults can occur antenatally. This 
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endotoxin damages the cochlea, children with 
meningococcal disease would be a suitable 
population to study. Children present 


predominantly with septicaemia, meningitis, 
or a mixed picture of septicaemia and 
meningitis.” Deafness in survivors of fulmi- 
nant septicaemia, meningococcaemia without 
meningitis, and meningitis alone might be 
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shunting in the acute phase of hyaline mem- 
brane disease. Arch Dis Child 1991;66:6-11. 
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Drs Evans and Archer comment: 
We are grateful to Dr Craig for drawing our 
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should also be expected to be a good research 
worker has never been explained. These are 
different jobs requiring different skills and 
interests. Animal physiologists seeking pro- 
motion would look askance if rejected on 
the grounds that they were poor veterinarians— 
and yet good clinicians are frequently rejected 
on the grounds they are poor researchers. No 
wonder they retaliate by producing a large 
quantity of second rate work that clogs up the 
journals. It has been argued that the number 
of publications is one way of distinguishing 
one candidate from another in a close field. 
Why not use another irrelevant measure 
instead: skill at tightrope walking for 
instance? This would reduce the present 
volume of substandard publications, save the 
time of authors, editors and readers, and 


is expensive. There is an instruction manual 
which is reasonably easy to follow, but I found 
the introductory video tutorial on how to use 
the system more helpful. Unfortunately, this 
video section'is being dropped from the new 


edition, due out soon, to make more use of 


space on the disc. 

There are several main components to the 
system. The illustrated trait directory is a very 
useful part. Dysmorphology like all other 
specialties has its own language, and it ıs 
helpful for those new to the discipline to see 
what exactly is meant by a keel shaped 
forehead, triangular face, prominent ear crus, 
camptodactyly, etc. The two main components 
of the system are the search/diagnostic facility 
and the listing of features of known syndromes. 
To initiate a search one has to set up a list of 


sections on chromosome abnormalities where 
the karyotype nomenclature ıs frankly wrong 
in many instances. The accura f individual 
diagnoses where a diagnosis relies on pheno 
type alone is good, but for some disorders 
rather questionable cases are included and foi 
others the ‘blackout’ required ) preserve 
anonymity also hides diagnostic features 
POSSUM is designed for 
geneticists and paediatricians a 
aid and for tutorial assistance fo 
dysmorphology. As a 
main usage would be in verifying 
and in teaching. It is a marvellou 
for those in training and those 
disciplines and its ease ol 
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the ocular compression test is used to confirm 
a diagnosis of anoxic seizures. 

In the remaining chapters the book provides 
information on other causes of loss of con- 
sciousness and ends with a section on the 
management of fits and faints. There are 
comprehensive accounts of ‘psychic and 
psychogenic seizures’, ‘funny turns and funny 
attacks’ and ‘fits and faints in a special 
setting. management are 
discussed in general terms with emphasis on 
the history and clinical findings. Some mention 
is made about future research in drug treat- 
ment. 

[ welcome this book which stimulates 
questions about seizure disorders in childhood. 
It is a useful guide to those seeking a better 
disorders as the 


Prognosis and 


understanding of such 
information contained will provide insights 
about a range of conditions associated with 
loss of consciousness. It will also be a valuable 
addition to the university library in order to 
encourage the application of research to the 
clinical situation. 


S W D'SOUZA 


Consultant paediatrician and semor lecturer 


Pediatric AIDS. Edited by Philip A Pizzo, 
Catherine M Wilfert. (Pp 813; £56°50 hard- 
back.) Williams and Wilkins Ltd, 1991. ISBN 
0-68 3-06894-6 


It is less than 10 years ago that the first report 
was published of a child with AIDS from the 
USA. AIDS in children is now one of the 
leading causes of death in the USA, ıs a major 
contributor to increasing infant mortality in 
places such as Africa, the Caribbean and some 
parts of South America, and is now appearing 
in most countries in the world. This is the first 
major textbook on paediatric AIDS and comes 
not surprisingly from the USA. It is written by 
leading experts in the American field and ıt 1s 
a credit to the editors that they managed to 
produce this book in such a short period of 
time, containing as it does so much up to date 
information. 

The value of this book will be twofold. 
Firstly as a major reference for paediatricians 
who are directly involved in the field both 
clinically and from the research aspect (al- 
though likely to become out of date quickly 
in such a fastly changing field, it will be an 
invaluable summary of knowledge so far). 





This is a tome of a book but to be welcomed 
as the first major book on HIV in children. 


DIANA GIBB 


Lecturer in infectious diseases 


Worldwide Variation in Human Growth. 
2nd Ed. Edited by Phylis B Eveleth and 
James M Tanner. (Pp 397; £25°00 paper- 
back. £60 hardback.) Cambridge University 
Press, 1991. ISBN 0-521-35916-3 (p/b), 
0-521-35024-7 (h/b). 


There can be few books which provide such a 
complete coverage of any scientific subject as 
this. To present in one volume, ın a form 
acceptable and assimilable to a reader, vast 
quantities of data from hundreds of growth 
studies, undertaken in over 40 countries with 
differing methodology, may seem wellnigh 
impossible, but the editors have achieved thıs. 
The first edition, published ın 1976, was a 
monumental undertaking, and largely the 
outcome of 10 years of studies under the 
auspices of the International Biological 
Programme. Now the editors have repeated 
their work, achieving the same standard of 
excellence and admirable presentation. So 
many new data have been forthcoming since 
the completion of the previous programme, 
through more sophisticated and extensive 
studies from all over the world, that this 
second edition largely replaces the first. There 
are only occasional references to the earlier 
studies when nothing has subsequently super 
ceded them. This volume, which includes all 
serious studies of child growth from 1974-88, 
is by far the largest series of growth data eve! 
assembled, and discusses growth in terms of 
height, weight, skinfolds, limb circumferen- 
ces, and skeletal diameters. 

As in the previous edition the book is intro- 
duced by a description of methods and stan- 
dards for comparative growth studies. In the 
ensuing six chapters the authors discuss com- 
parisons of growth patterns between races, 
both in their native environments and follow- 
ing migration to other continents. A further 
section considers population differences in the 
rate of maturation as shown by skeletal, dental 
and pubertal development, and knowledge of 
these aspects in particular has increased 
dramatically over these recent years. The 
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ises in physiological, epidemiological, or 


clinical aspects of growth. 


JM H BUCKLER 
Senior lecturer ın paediatrics 
and consultant paediatrician 


Developmental Examination of Infants and 
Preschool Children. By Dorothy Egan. 
Pp 84; £15 hardback.) Clinics in Develop- 
mental Medicine. Blackwell Scientific Publi- 
cations, 1990. ISBN 0-632-02844-0. 


Like hundreds of other young doctors, I was 
inspired by the teachings of a small, frail 
paediatrician in her eighties who exuded a 
tremendous vitality and enthusiasm for child 
development. Dorothy Egan, who has been an 
outstanding clinician and teacher at Guy’s 
Hospital for over 30 years, has now sum- 
marised her accumulated experience and 
wisdom in a short monograph. This book ıs 
designed as a practical guide for general prac- 
titioners and health 
preschool surveillance rather than a compre- 
hensive textbook of child development. [ts 
strength lies in the description of the art and 
style of developmental assessment rather than 
the minutiae of periodic developmental exam- 
inations. This descriptive strength 1s, how- 
underpinned by population based 
research. After many years spent refining 
simple developmental tests in clinical practice, 
Dr Egan has standardised them on 425 normal 
children, and presents the normative data in 
graphical form. 

The book opens with a useful overview of 
normal summarising normal 
stages up to 4:5 years. The best parts of the 


visitors involved in 


ever, 


development 
book include sections on: ‘when to worry 
about children’, which gives sensible advice 
illustrated by case histories, and a short 
chapter on the craft of developmental examı- 
nation. These are the areas of developmental 
assessment which are most difficult to learn, 
and Dr Egan usefully summarises years of 
experience. 

The second half of the book has chapters on 
clinical tests of hearing and vision, the assess- 
ment of language, performance, and gross 
motor skills. Written in an abbreviated style, 
almost in note form, they provide guidance 
rather than a critical assessment of the 
strengths and weaknesses of the tests. The 
best section is the one on language, which 
includes a detailed description of the Egan bus 
vuzzle test. which js a simple test of language 
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note form, the language remains clear and the 
book is easy to read. 

This book joins many others aimed at 
primary care professionals involved in 
child health surveillance. It is quite expensive 
for its size, and a paperback version might 
prove more popular. It clearly describes a 
British system of developmental assessment 
which has been refined over many years, and 


is the distillation of enormous experience of 


young children. 

It will be of practical use to GPs and health 
visitors. Trainee paediatricians not lucky 
enough to have experienced Dr Egan’s clinical 
teaching would also benefit from reading this 
book and by acquiring the clinical skills it 
describes. 

A MEMOND 


Consultant paediatrician 
community child health) 


Textbook of Fetal and Perinatal Pathology. 
Edited by Jonathan S Wigglesworth and Don 


range from assessment of fetal growth, the 
performance of the perinatal necropsy or 
examination of abortuses and stillborn infants, 
to congenital tumours, disorders of the 
immune system, infection, and inborn meta- 
bolic diseases. While most chapters provide 


solid practical guidance, and the presence of 


innumerable tables of normal values are parti- 
cularly valuable (down to anal diameters and 
phallus lengths!), the theoretical background, 


such as a consideration of the causation of 


malformation, is not ignored. 

The second volume covers all the main 
organ systems, up to and including eye patho- 
logy, and an in depth look at the orofacial 
region. These chapters appear—reasonably 
comprehensive and, in researching recently 
arisen problems, have provided either a useful 
comment or reference. More comprehensive 
specialist texts will not be replaced of course, 
particularly in the field of dysmorphology, as 


the descriptions here will often only be of 


value if a diagnosis has already been made or 
suspected. 


complimentary to that typically 
more clinical works. 


Consultant paediatr 


A Parent’s Guide to Cystic Fibrosis. 
Burton L Shapiro and Ralph C Heussner ] 
(Pp 124; $14°95 hardback.) University 
Minnesota Press, 1991. ISBN 0-8166-1488 


It is likely that the knowledge and c 
of parents of children with cystic fibrosis is at 
least as important a factor in modifying the 
outlook for the patient as the corresponding 
knowledge and skills of the clinical consultant. 
Books explicitly written for parents need to be 
simple, accurate, up to date, attractive, and 
informative. The amount of 
include is a matter of judgment, and the 
authors of this little book ha 
avoided the temptation to show off thei 
medical knowledge by 


ymmpetence 


niormation tfi 
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